GV : Lé dic Thanh

Chuong 8
CHUYEN VI CUA DAM CHIU UON

8.1 KHAI NIEM CHUNG

Khi tinh mét dam chiu udén ngang phéng, ngoai diéu kién bén con phai
chu y dén diéu kién cung. Vi vay, can phai xét dén bién dang cta dam.
Dudi tac dung clia cac ngoai luc, truc dam bi udn cong, truc cong nay dugc
goi l1a duéng dan héi cla dam (H.8.1).

Pudéng dan hoi

/ : Pudng dan hoi

i i)
/ . 2 /. |
|

Xét mot diém K nao dé trén truc dam trudc khi bién dang. Sau khi bién
dang, diém K sé& di chuyén dén vi tri méi K’. Khodng cach KK’ dugc goi la
chuyén vi thdng cta diém K. Chuyén vi nay cé thé phan lam hai thanh
phan:

Thanh phan v vudng goc véi truc dam (song song vdi truc y) goi la
chuyén vi ddiing hay dé véng cla diém K.

Thanh phan u song song vdi truc dam (song song véi truc z) goi la
chuyén vi ngang cla diém K.

Ngoai ra , sau khi truc dam bién dang, méat cat ngang & K bi xoay di
mot géc ¢, ta goi géc xoay nay la chuyén vi géc (hay la géc xoay ) cla
mat cat ngang & diém K. C6 thé thdy réng, goc xoay ¢ chinh bang géc gitia
truc chua bién dang cla dam va tiép tuyén § diém K cla dudng dan hoi
(H.8.1).
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Ba dai lugng u, v, ¢ la ba thanh phan chuyén vi cla mat cat ngang &
diém K.

Trong diéu kién bién dang clia dam la bé thi thanh phan chuyén vi
ngang u la mét dai lugng vé cuing bé bac hai so véi v, do dé c6 thé bd qua
chuyén vi u va xem KK’ 1a béng v, nghia 1a vi tri K’ sau khi bién dang n&m
trén dudng vudng goc véi truc dam trudc bién dang (H.8.2).

Goc xoay ¢ c6 thé 1ay gan ding: ¢ ~ o - %.

N&u chon truc dam la z, truc y vudng goc véi truc dam, thi chuyén vi v
chinh la tung dé y cta diém K’. Tung dé y ciing chinh 1a d vdng cla diém
K. Ta thdy rd néu K cé hoanh dd z so véi géc nao dé thi cac chuyén vi y, ¢
cling 1a nhiing ham sé cla z va phuong trinh dan hoi la:

¥(z) = v(z)
Phuong trinh clia géc xoay sé la:

_dv _dy _
o(z) = s = y'(2)

hay, phuong trinh clia géc xoay la dao ham cuta phuong trinh dudng
dan haéi.

Quy udc duong clia chuyén vi:

- Do vong y dudng néu hudng xudng.

- Géc xoay ¢ dudng néu mat cat quay thuan chiéu kim déng ho.

Diéu kién cling: Trong ky thuat, khi tinh toan dam chiu udn, ngudi ta
thudng khéng ché do vong I6n nhat cia dam khdong dugce vugt qua mét gidi
han nhat dinh dé ddm b&o yéu cau vé sy lam viéc, my quan cla céng
trinh..., diéu kién nay dugc goi la diéu kién cing. Néu goi f1a dd vong I6n
nhat cla dam thi diéu kién clng thudng chon la:

[i}_i;i
L| 300 1000
trong do: L - la chiéu dai nhip dam.
Tuy loai céng trinh ma ngudi ta quy dinh cu thé tri s& cta [f/L].
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8.2 PHUONG TRINH VI PHAN CUA PUGNG PAN HOI
Xét 1 diém bat ky K trén truc dam.
Trong chudng 7 (cong thic 7.1) ta da lap dugc mai lién hé gitia d6 cong
cla truc dam tai K sau bién dang véi mémen udn noi luc M, tai K Ia:

1 M
o EJXX (a)
Mat khéc, vi dudng dan hoi dudc biéu dién bdi phuong trinh ham s8 y(z)
trong hé truc (yz) nén do cong clia do thi bi€u dién ctia ham s& & 1 diém K
c6 hoanh dd z dudc tinh theo cong thuc:
1_ Y (b)
P (1+ y’2)
@vap) = oM ()
(1+ y‘2)5 =
D6 la phuong trinh vi phan téng quat clia dudng dan hdi, tuy nhién phai
chon sao cho hai vé cla phuong trinh trén déu théa man.

N w

X

- ] - ]
I 3 z | =l
M M, M M.
M, >0 M, <0
y y'<0 y y' >0
HS8. 3

Khéo sat mot doan dam bi udn cong trong hai trudng hgp nhu H.8.3. Trong
ca 2 trudng hgp mdémen udn M, va dao ham béc hai y”ludn ludn trai dau,
cho nén phuong trinh vi phan clia dudng dan hoéi c6 dang:

y' M

(1 + y'2) g ) EIL,

Véi gia thiét chuyén vij la bé (dd vdng va goc xoay bé), cé thé bd qua
(y’)? so véi 1 va khi d6 phuong trinh vi phan cia dudng dan héi cé dang
gan dung nhu sau:
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" M

y =—EI’; (8.1)

trong do: Tich s6 EJ, 1a dé cliing khi uén ctia dam .
8.3 LAP PHUONG TRINH PUONG PAN HOI BANG PHUONG PHAP
TiCH PHAN KHONG DINH HAN

V& phai clia phuadng trinh vi phan (8.1) chi la mét ham sé cla z nén (8.1)
la phuong trinh vi phé&n thudng.

Tich phan lan thd nhéat (8.1) = phuong trinh géc xoay:

M
gozy':.[—EJX dz+C (8.2)
Tich phan Ian thd hai = phuong trinh dudng dan hoi:
yzj'(j— I';/IJX dz+Csz+D (8.3)

Trong (8.2) va (8.3), C va D la hai hang sé tich phan sé& dudc xac dinh
cac diéu kién bién. Cac diéu kién nay phu thudc vao lién két cia dam va
phu thudc vao su thay déi tai trong trén dam.

1A A c B
Ya=¢a=0 a) ya=0 b) Ve=0
H. 84

P&i v6i dam dan gian, cé thé cé cac diéu kién nhu sau:

+ Pau ngam cla dam console cé goc xoay va do vong bang khong
(H84a) YA =pa = 0

+ Céac dau lién két khép dd vong bang khdng (H.8.4b):

ya=ys =0

+ Tai nai ti€p giap gilia hai doan dam c6 phuong trinh dudng dan hoi
khac nhau, do vdng va goc xoay bén trai bang vai dd vdong va goc xoay
bén phai ( diém C trén H.8.4b): y" = y": o = o
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Thi du 8.1 Viét phudng trinh dudng dan héi va goc xoay cho dam coéng
son (console) nhu H.8.5. T do6 suy ra dd vong va goc xoay I6n nhat. Cho
EJ, = hang sé.
Giai.
Phudng trinh mdomen udn tai A '

mat cat c6 hoanh db z la:

M,=—Pz (a)
y H.7.5
thé vao (8.1) = phuong trinh vi phan cla dudng dan hoi :
Y- M, _ Pz (b)
EJ, EJ,
] A A . Pz?
tich phan hailan, => ¢=y'= +C (c)
2EJ,
Pz’
Y =45 +Cz+D (d)

C va D dudgc xac dinh ti cac diéu kién bién vé do vdong va gbc xoay tai
ngam:
z =L ¢ =0vay =20
thay cac diéu kién nay vao (c) va (d) =
PL? PL®

C=- D=
2EJ 3EJ

X X

Vay phuang trinh dudng dan hoi va goc xoay la:
Pz* P PL®
y = - Z+ ;
6EJ, 2EJ,  3EJ

P PL
YT2E1. 2B,

Po vdng va goc xoay I6n nhat & dau tu do A cla dam; tng véi z = 0, ta c6:
PL® PL?

Yma =3y YT T 26

Vmax > 0 chi rdng do vong cha diém A hudng xuéng
¢ < 0 chi rdng géc xoay clia diém A ngudc kim dong hb.
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Thi du 8.2 Tinh do vong va goc xoay I6n nhat ciia dam (H.8.6).
Cho EJ, = hang
Giai.

a—]
Phuong trinh mémen udn tai A ——— e xEB z
mat cat c6 hoanh dd z la: . | YFT: o
2 L
- @
, Y H.8.6
thé vao (8.1), = y'=--F b
(8.1) V=25 (b)
3
tich phan hailan, = ¢=y'= 6?; +C (c)
4
yzszZEJ +Cz+D (d)
hai diéu kién bién § daungam z=L; p =0va y = 0 cho:
g @
B DO
~ BEJ,’ 8EJ,

Vay phuong trinh dan hoi va géc xoay la:
a9 . ql’ .

Y= 2463 6E3. T 8EI
P gl
6EJ, 6EJ,

Po vdng va goc xoay I6n nhat & dau ty do A clia dam; ung véi z = 0, ta
co:
gL’ qL’

8es, ' T TeE)

ymax =

Thi du 8.3 Tinh dd vdng va goc xoay I6n nhat cia dam dan gian chiu tai
phan b8 déu (H.8.7). Bd cling EJ, cia dam khong déi.

Giai. :
1

Phuong trinh mémen udn tai AT T T T T T P T T T 11 s

—>

mat cat ngang c6 hoanh do z la: A 5
1

L2 l

u,o L, @4, ) (a) A

* 2 2 2

thay vao (8.1), = phuong trinh vi ” H.8.7

phan clia dudng dan hoi nhu sau:
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y”=—2|g] (Lz—zz) (b)
, R . Lz> 72°
tich phan hai lan, = VIS B N o]
p o=y ZEJX( : 3] ()
Lz z*
¥ ‘%(T‘EJ*C D (@)

khi:z=0; y=0

diéu kién bién G cac goi tua trai va phai cua dam: {khi 2=Li y=0

3
= D-0;c=—3
24EJ,
Nhu vay phuadng trinh dudng dan héi va goc xoay la:
ql® 22 7
y 24EJXZ( EANE ()
. qu 72 7°
—y'= 1-6= +4—
o=y 24EJX( AT (9)
Do véng I6n nhat cla dam & tai mat cat ngang gitia nhip Gng véi:
z= % (tai day y’ = 0)
5qL*
thay z= L v I =
ay 5 vao(e), vy y[%} 384E].

Goc xoay I6n nhat, nhé nhat (yinax, ¥ 'min) tai mat cit ngang c6 y”=0
(hay M, = 0), tlic & cac goi tua trai va phai cia dam. Thay z=0va z = L
19u _yo oot
24E), O TV T TorES

lan lugt vao (g) = Py = Y'rax =

Goc xoay clia mat cat 6 goi tua trai thuan chiéu kim déng ho, goc xoay
clia mat cat & gbi tua phai ngudc chiéu kim déng ho.
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Thi du 8.4 Lap phuadng trinh dd vong va goc xoay clia dam trén hai goi tua
chiu lyc tap trung P nhu H.8.8 cho biét EJ, = hang s6.

P

, L.
5 Z, % /7577 ‘
¥ oo \
- |

a

Pab/L

\W

H.S8.8

Giai.
Dam c6 hai doan, biéu thiic médmen udn trong hai doan AC va CB
khac nhau nén biéu thic géc xoay va dd vong trong hai doan ciing khac
nhau. Viét cho tling doan céc biéu thiic M,, y”, y’, y nhu sau:

Momen uén M, trong cac doan sau:

Poan AC (0 < z; < a): M, - %zl (a)
Poan CB(a < z, < L): M, - bezz_p(zra) (b)
Phuong trinh vi phan cla dudng dan hoéi trong mdi doan:
Doan AC: y,"=- LESX z, (c)
Doan CB: y,"=- L:X Z,+ Eljx (z,-a) (d)

Tich phan lién tiép cac phuong trinh trén, ta dugc:
Doan AC (0 < z; < a):

Pb ,
'=— z; +C e
Y1 2LEJX 1 1 ( )
Pb
yl:_GLEJX Z13+C121‘*'D1 (g)

Doan CB (a < z, < L):
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Pb 2 P 2
'=— —-a)°+C h
Y, 2LE]. 22+2EJX (22 ) +0L, ( )
Pb :, P (z,-a)’+C,z,+D, (i)

=— z
Y2 6LEJ, ° 6EJ,

Xéac dinh cac hang s6 tich phan C;, D,, C», D, tl céc diéu kién bién
- 0 g6i tua A, B do vdng bang khong
- O mat cat ngang C ndi ti€p hai doan, dd vong va goc xoay cua hai
doan phai béang nhau.
< khi: z;=0; y;=0
Z, =0; yo=0
Zy=2Z2=8a;, V1=V Y1 =Y
TU bén diéu kién nay =:
D,=0

__Pb s, P (L-a)’+C,L+D, =0
6LEJ,  6EJ,

a’+c,a+D,

a’+ca+D, = -

" BLEJ, 6LEJ,

Pb
2te, = a’+c,

2LEJ, 2LEJ,
Giai hé phuadng trinh trén, =

Pb
D;,=D,=0; C =C,= L2 —b?
e LT 6LEJX( )

Vay phuong trinh géc xoay va do vong trong tung doan la:

Doan AC (0 < z; < a):

_y - PP L' -b* 2z}
Z] 1 LEJ,

6 2

, P (Lot oz
LE3l 6 Tt 6

Doan BC (a < zo < L):
. PDb (Z_S_L(zz—a)z_Lz—bz]

T AT 6
AP 2 12 3

y, - Pb ((z,-a) L°-b .k
LEJ | 6D 6 6

Tinh dd véng I6n nhat trong dam bang cach dua vao diéu kién y’= 0,
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Gia s a > b. Trudc hét ta sé xét dd vong I6n nhat trong doan nao
O gdi tua A (z; = 0) géc xoay bang:

PbL b?
Dip = (1__j >0

6EJ L2
L, PbL
vaoC (z; = a): =— a-b)<0
( 1 ) Dic 3E‘]x( )

Nhu vay, gilia hai diém A va C gbc xoay ¢, déi dau, nghia la sé bi triét
tiéu mot lan. Diéu dé cho thay do vong co gia tri I6n nhat trong doan AC.

Pé tim hoanh dd z,(0) clia méat cat ngang c¢6 dd vong Ién nhat, ta cho
phuong trinh ¢;= 0: | 0.500L

| |
;778[7 D )77577 z

0,577L |

>
m
@

Al O)= 3 {L;bz _(21(20))2} =0

2 2
= 20 =~ ;b (0) HK0

Sau dé dua vao biéu thic (I) ctia do vong,= gia tri 16n nhat cla do

) Pb L2
Vong Yax = yl(zl(O)) - \/_ 27EJ m (p)

Cac hé qua:
- Néu P dat & gilia nhip dam (»=L/2), thitl (o) va (p) , ta dudc:
L PL®
2,(0)=—=0500L; y  =———
1(0) 2 y 48EJ,

- Khi P 8 gan géi B, tiic b — 0 ta c6: z;(0) = % = 0577L

Nhu vay, néu tai trong di chuyén tu trung diém D gilia nhip dam dén
g6i tya B (H.8.9) thi hoanh dé z,(0) sé bién thién ti 0,5L dén 0,577L, tlc la
ti diém D dén diém E. Trong thuc t& ngudi ta thudng quy udc la khi tai
trong P tac dung & mét vi tri ndo do thi van cé thé coi do vong 16n nhat &
gitra nhip dam.

Thi du, néu tai trong P tac dung G vi tri nhu H.8.8 thi dd vdng & gitia

Pb

1853 (312 -4p?)

X

nhip dam sé& bang: Yoo =

So sanh hai gia tri Ymax VA y,thay hai gia tri ndy khac nhau va rat it
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Nhan xét: Néu dam co6 nhiéu doan, can phai l1a4p phuong trinh vi phan
dudng dan hdi cho nhiéu doan tuong ting. G mdi doan , phai xac dinh hai
hdng sé tich phan, néu dam c6 n doan thi phai xac dinh 2n hang s6, bai
todn trd nén phuc tap néu sd doan n cang Ién, vi vay phuong phap nay it
dung khi tai trong phtc tap hay dé cing dam thay doi.

8.4 XAC PINH PO VONG VA GOC XOAY BANG PHUONG PHAP TAI
TRONG GIA TAO (PHUONG PHAP DO TOAN)
¢ Phan trudc, da cé lién hé vi phan gitia ndi luc va ngoai luc ( CH. 2):

daQ
dz

dM,
z ¢ (a)

’M, _
dz? 1

¢ D0i vGi viéc khao sat dudng dan hoi ciia dam , cling cé phuaong trinh
vi phan:

d’y M,
dz2  EJ (b)

Péi chiéu cac phuong trinh (a) va (b), ta thay co6 sy tuong ty sau:

y M,
dy aM,
dz 7 dz =Q

d? .M, QY
_Z:y =~ ZX:q
dz EJ, dz

Ta nhan thdy muén tinh géc xoay y’ va do vong y thi phai tich phan

lién tiép hai lan ham s6 ;

Tuong ty mudn c6 lyc cat Q, va mémen udn M, thi phai tich phan lién
ti€p hai lan ham s6 tai trong q.

Tuy nhién & phan truéc ( CH.2), ta da tinh lyc cit Q, va mémen udn
M, theo tai trong g tu viéc khdo sat cac phuadng trinh can bang.
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Nhu vay, cling c6 thé tinh géc xoay y’ va doé vong y theo ham y’=- :;/IJX

ma khong can tich phan. D6 ciing chinh la phuong phap tai trong gia
tao.

¢ Phuong phap tai trong gia tao:
Tudng tugng mot dam gia tao (DGT) cé chiéu dai gibng dam thuc

(DT), trén DGT c6 tai trong gia tao d, giéng nhu biu do - E/'JX trén dam

X

that, thi sé co sy tuong duaong:

" Mx . J .
y :_E:qgt Y =Qgt; y = Mgt

trong dé: dy - Tai trong gia tao
Qg - Luc cat gia tao- Luc cat trong DGT
M, - MGmen gia tao- Mdmen udn trong DGT

= Mudn tinh goc xoay y’ va dd vdong y cla mot dam thuc (DT)
(dam dang khao sat) thi chi can tinh luc cat Q; va mémen udn M, do tai
trong gia tao tac dung trén DGT gay ra.

Tuy nhién, dé c6 dugc sy dong nhat dudng dan hdi y va Momen uén
M, thi diéu kién bién cla ching phai giong nhau: y’ = Qg ; ¥ = Mg tai bat
ky diém trén hai DT va DGT; Ngoai ra néu xét tai diém bat ky trén dam
phai khao sat dén sy gidng nhau cla budc nhdy goc xoay Ay va budc
nhay lyc cat aq,.

¢ Cach chon dam gia tao (DGT)

DGT dudgc suy ti DT véi diéu kién 1a ndi nao trén DT khdéng c6 do
vdng va goc xoay thi diéu kién lién két cia DGT & nhiing nci do phai tuong
Uing sao cho gy khdng gay ra My va Qy.

Chiéu dai cta DT va DGT la nhu nhau.

Bang 8.1 cho mot s6 DGT tudng Ging v6i mot sé DT thudng gap.
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¢ Cach tim tai trong gia tao qg

Vi q, =—¥, nén gq bao gid cling ngugc dau véi mémen udn My. Do do:

X

- Néu: M, > 0 thi qq < 0, nghia la néu biéu dd M, ndm phia duéi truc
hoanh (theo qui uéc M, > 0 vé phia dudc tryuc thanh) thi g hudng xudng
- Néu: My < 0 thi g4 hudng lén.

& Qg ludn c6 chiéu huéng theo thé cing cta bi€u dé6 mé men M,

R
Bang 8.1
n n =
Dam thuc Dam gia tao
A B A B
y =0 y=20 Mg =0 Mg =0
o =0 p =0 Q= 0 Qg =0
Ay B A NB
N N
y=0 y#0 Mg = 0 Mg # 0
p=0 p#0 Qy =0 Qu#0
A B AY B
pe p.s \ o 3,
y=0 y=20 y=20 Mg # 0 Q%0 Mg= 0
gt
p= 0 p= 0 p#0 Qg # 0 Qu = Qu Qg = 0
Ptr=Pph
— P
N N
y=0 y=10 y=10 y #0 Mg = O Mg = 0 Mg = 0 Mgt = O
90 pzo0 pr0 970 Qu#0 Qu#0 Qu#0 Qu=0
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Ngoai ra trong qua trinh tinh cac ndi luc My, Qg cla DGT, can phai
tinh hgp Iyc cla lyc phan b8 g, trén cac chiéu dai khac nhau. Do dé, dé
tién Igi ta xac dinh vi tri trong tam va dién tich 2 cta nhiing hinh gigi han
bdi cac dudng cong nhu bang 8.2 dudi day

Bang 8.2
N B Dién tich Vi tri trong tdm |
Hinh vé
(£ X1 X2 |
h C Lh L 2L
) 2 3 3
X1 L X2
T
h o Bac 2 Lh L 3L
. dinh 3 7 e
X1 L X2
Tl
h o Béacn o Lh L L(n+1)
¢ |
n+1 n+2 n+2
X1 L Xo
Tl
dinh X
. Bac2 2Lh 3L 5L
C JR— —_— JR—
. 3 8 8
X1 L X2
T
dinh
b 2Lh L L
¢ 3 2 2
X1 L X2
1
L

L
? _q2£ \I\I\l\l\l\r\—-\
Ve Ve ~ ~ Y 7 2 @
Thi du 8.5 Tinh d6 vOng va goc xoay G o fgLT\ \N |
X T E

Chuong 8: Chuyén vi ciia dim chiu uén H. 8.10
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dau ty do B clia dam cong xon chiu tai trong phan bé déu g (H.8.10a). Do
cling ctia dam EJ, = const
Giai.

+ Biéu d® médmen udn M, ctia DTc6 dang dudng bac 2 dudc vé trén
H.810b.

+ DGT tudng ting véi luc phan bd gy nhu H.8.10c.

+ Do vdng va goc xoay tai B cla DT chinh bang mémen uén My va
luc cét Qg tai B cla DGT.DUng mat cat & sat B cla dam gia tao, tinh noi
lic & méat cat ngang nay va dugc:

o _1 9L’ xL—lEi' o 1, ab ><L><-§L=qL4

=Q; =—x = ; =M_ =—-x
o= =3"5e; * " " e, Yo =M =375k T 0 T 8Eg,

X

Thi du 8.6 Tinh dd vong

va So qL
) _ . oAV bl Vil c
géc xoay tai C cua dam A i 5 |
cho 12 _ qlL?
. 94~ T
trén H.8.11a. Poan dam §AV// >(
AB 0 oo C

c6 do cung 2EJ, doan
dam BC c6 do cling EJ.

Giai. 2 q
+ Biéu do mdémen udn

dugc vé trén H.8.11b. oLt ﬂ -

DE dé dang trong it L T )
viéc tinh toan ta phan tich e v
M, thanh tong cula céac ?ZLEZJ g
biu d& moémen udn c6 A A ]| Ml 2EL
dang don gian nhu il /yvé&g
H.8.11c. &
+ DGT v6i lyc qg nhu qL\T
H.8.11d. R NN
(cht y 1a dd cling trong H.8.11 Vgt )

AB va BC khac nhau).
+ Tinh ndi luc 6 C ctia DGT.

Chuong 8: Chuyén vi ctia dim chiu udn 15
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Chia DGTthanh hai DGT nhu H.8.11e, phan luc 6 B cua DGT AB la:
g 19l
* 16 EJ,
Phén Iuc nay tac dung 1én DGT BC va dé dang tinh dugc:
3 2 3
Q;;tz_iqL +ll_qL =+1qL
16EJ, 2 EJ, 16EJ,
3 2 4
c_ 1o’ 1,a'2 13q'

“"16EJ, 2 EJ 3 48EJ,

— do vong va gbc xoay tai C cua DT

_ 13 gL, _ ¢ 190
’¢C_Qgt_l6EJx

= MC =
ye = My 48 EJ,

8.5 BAI TOAN SIEU TINH (BTST)

Tuong tu cac bai toan vé thanh chiu kéo, nén dung tam, ta con cé céc
BTST vé uén.

Do la cac bai toan ma ta khong thé xac dinh toan bd ndi luc hoac phan
lic chi vé6i cac phudng trinh can bang tinh hoc, vi s& 4n s& phai tim cla bai
toan I6n haon s phuadng tinh can bang tinh hoc c6 dudgc.

Pé giai dugc cac BTST, can tim thém modt s& phuong trinh phu dua
vao diéu kién bién dang clia dam.

Xét cu thé thi du sau:

Thi du 8.6 V& biéu dd ndi lyc cho dam nhu H.8.12a. Biét EJ = hang sé.
Giai.

+ Dam da cho c6 bon phan luc can tim (ba 8 ngam A va mot & géi tua
B). Ta chi c6 ba phuong trinh can bang tinh hoc, nén can tim thém mot
phuong trinh phu vé diéu kién bién dang cla dam.

+ Tudng tugng bo goi tya 6 dau B va thay vao dé mot phan luc Vg
(H.8.12b), ta dugc mot hé méi. Hé nay chi coé thé lam viéc gidng nhu hé
trén khi Vg phai cé tri s6 va chiéu thé nao dé dd vong tai B, do tai trong g
va Vj sinh ra, phai bang khong
< Diéu kién bién dang ( chuyén vi): yg(q, Vg) =0

Chuong 8: Chuyén vi ctia dim chiu udn 16
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3

L ™~

q
) TIIIIITPIT): , Sa T
0w T 0 g \

[T TTTTTrIT]s w WL TITTTIT]I]]®
i |

//

+ Ta tinh dd vong tai B bang phuong phéap tai trong gia tao (hay mét
phuong phap khac).

Biéu d& mémen udn cta dam & H.8.12b do tai trong g va phan luc Vs
gay ra vé nhu H.8.12c,d, DGT va g4 nhu H.8.12 e, g. Ta co:

D6 vong yg clia hé 8.12b chinh la Momen giéa tao tai B cia DGT
Lyl  8) _ 1 Vsl 24

=MB ==L
Ve st T 39E ‘4 2 " EJ 3

Piéu kien do vdng yg=0,= V5 = qu

Sau khi tim dudc Vs, d& dang vé dudc cac biéu do ndi luc clia dam da
chonhu H.8.12 i, k.

7.4. PHUGNG PHAP DIEN TICH MOMEN
1. N§i dung phuong phap

Chuong 8: Chuyén vi ctia dim chiu udn 17
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7z g A M N N NG P ,
Xét dam co bi€éu do EIX nhu H.8.10b, dudng dan hoi (nét dit) nhu H.8.10a.
A B| z
3) ‘W ——xT p—————
- ~1 ) 1 PBH
i Za E Ya S =7 VZ:] ;
y E E
Loz z
T e
L %8
; ; Lag
S 1T
b) 5/\" ] 4 R Y

H.8.10 Phuong phdp dién tich mé men

7z A M M
Xét doan dam AB:dgp:—EIX EIX

X

dz

dz, suy ra: _[ZZBdga = j;B—

Qs —Pp =Pps =S A8 (8.18)

£ o~ N *A P 2 e R A M A * ~, . - < N
vG61 S la dién tich cua bi€u do EIX gom giira hai mdt cat A va B.

X

Pinh ly 1. b6 thay dsi géc xoay gitta hai mit cit clia mot dim (thi du gifta A va B)

~ Y A N *A s, 9 s R A M .~ . - <, A
thi bang dau trit di€n tich cua bi€u do EIX gilta hai mat cat ay.

X

Zn
X X

N N = = M B B _ M - ~
Tu hinh 8.10d:  dt=7Zdp=-2 EIX dz suy ra: tg, = J.ZZ dt = IZ -7 EIX dz =-Z. S (8.20)
Z. 12 khodng cédch tir trong tAm clia dién tich S d&€n B
Pinh 1y 2. P sai léch giita ti€p tuyén & mdt di€m B trén dudng dan hdi v6i mot
ti€p tuyén & mdt di€m A khic ciing trén dudng dan hdi biing v6i dau trit md men

Chuong 8: Chuyén vi ctia dim chiu udn 18
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MX

tinh cia dién tich cda biéu db doi v6i dudng thing ding di qua B.

X

Tuw H.8.10d ta co:
YB=Ya + Qalap + tga = ya + Qa(2p — 24) + Ipa
YB=Ya+ @a(zp—24) — ZcSm (8.21)

(7.21) chinh 14 cong thiic dung dé€ xdc dinh d6 vong cda diém B néu biét dd vong

2 A - N - A M . ~, . - N
cua mot di€ém A (zz > z4) va bi€u do EIX gifra hai di€ém nay.
X

Tur (8.21 c6 thé tinh @6 vong clia diém A khi bi€t dd vong clia di€m B (z3> 7).

Pr=Qg +§AB va YA =YB— (DA(ZB— ZA) + fchB

vdi: Zo =L — 2
ta viét: yA=yB—(¢B+§AB)LAB+(LAB—ZC)§AB
Khai tri€n va rit gon, ta dugc: y4 =yp — (DBLAB - chAB (8.22)

zc - 12 khodng cdch tif trong tdm C clia S s k€ tir A.
Thi du 8.5. Dung phuong phdp dién tich mo6 men x4c dinh géc xoay & dau trdi A va
do vong & diém D giita dam (H.8.11). EI, = hiing s0.
Giai. Theo dinh 1y 1, cong thirc (7.4), xét hai diém

AGz=0)vaD (z=LR2) mTJ{

P =pn—Sm A 3

Chi y ring @p = 0 vi bai todn d6i xitng va S c6
thé€ phan chia thanh S; +S, +Ss.

ta suy ra: ¢A—(§1 +S2,+53)=0
_ _ _ 3
D =S5:1+S2 -|-33=£><£

648 " El,

G6c xoay clia mit cit A thuan chiéu kim dong hd.
Ap dung cong thiic (8.21), ta viét

L - = 13 g L (—(1)— -@)% —<s)—) 77 qL?
=Y +@P,——2cSmw=0+— ——\2c S1+2c S2+2c S )=——+
R I T = T R A A YT YA =T
BAI TAP CHUONG 8 3 -~ w2
/}( 2m ,‘L 6 m /}r
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8.1 Xéc dinh dudng dan hodi dam bang phuong phéap tich phan khéng dinh
han, biét M, = 20 kNm, EJ khéng déi. H.8.1.

8.2 Xac dinh gbéc xoay & hai dau dam va dd vong tai gilia dam bang
phuong phap tich phan khdng dinh han, EJ khéng déi. H.8.2.

8.3 Dam mat cat ngang thay ddi va chiu luc
nhu H.8.3. Tinh dd vdng tai dam ty do va LT T T N

>

7777777

goc xoay tai mat cat ngang gitia dam. 5 G
by YA L, L2 )
™ ™1 Ib
. , e L B A
8.4 Dam co6 do cung khong doéi nhu H.8.4. ; PE— f %i
Xac dinh: e 8'1;4% 2
- PO vdng va goc xoay tai C [C [ ]A é ! g;a
- Goc xoay taiAva B a4 a4 a2

- D6 vdng tai mat cét D H.8.4

8.5 Tim d6 vong tai mat cét C, goc xoay bén § °
trai va phai khép A cla dam nhu H.8.5, +—=*—+—=

biét do cling EJ = hang . H. 8.5
8.6 Tim do vong tai B, géc xoay tai A cla ¢P
N - N A
dam nhu H.8.6, biét EJ= hang. B ﬁc
ﬁ%ﬁ a L a L
1 1 1
8.7 Xac dinh db vong va géc xoay tai C. H.8.7 H. 8.6
40 kN
%%} 2EJ B EJ 'c
?L 3m ﬂb im ?L
H. 8.7

8.8 Mot hé thdng gom ba cong xon, dau tu
do dugc lién két véi nhau bang nhiing
gidng cung nhu H.8.8. Tinh lng sudt £

cuc dai & mdi dam khi c6 lyc treo & 2 .
| L ?L L ,J‘, L

JUNNRNNNY

Chuong 8: Chuyén vi ctia dim chiu udn 20



GV : Lé dic Thanh

dam, biét dd cung EJ 1a hang s6.

8.9 V& biéu do nodi lyc clia dam siéu tinh nhu H.8.9. Viét phudng trinh
dudng dan hoi, biét dé cliing EJ la hang sé.

q (\ M. EJ = hang sé
4 ) S
a S
A L I} L ) | 2 L2 |
1 1 1 1 1 i
H. 8.9 H. 8.10

8.10. Xac dinh phén lyc cia dam siéu tinh nhu H.8.10.

8.11. Thanh thép dai 1 m, mat cat chit nhat 2036 mm, ngam & dau A, chiu
lic P = 30 N dat & gilia nhip. Kiém tra doé bén cla dam.
Biét [6] = 16 kN/cm?. G dau B ¢6 khe hd & = 20 mm.
Cho E = 2.10* kN/cm?.

P
TR
2 E?W —
L 0,5m L 0,5 my 20 mm L

1 1 1

6 mm

(e7)

H. 8.11

8.5. PHUGNG PHAP DIEN TiCH MOMEN (DTMM)
1. N6i dung phuong phap
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Xét dam chiu uén c6 biéu dd :;/3 nhu H.8.13b, dudng dan hoi (nét dut)

X

nhu H.8.13a.

N
N|

az

w7
.
.

R P i R
}//A/ .............. \

LTy
.....
.,

PbH

% EJ,
M, o S
IdzL z 15 EJX
° 17 7
“do Idt
A B
d y
) A §0A yB
IAy '-.-..-..... WA
B!
B
H.8.13
¢ Xét doan dam AB, ta da c6:
po M W B M M
EJ, dz dz EJ, EJ,
ZB ZB MX
= jZAd¢: ZA_ EJX dz

Chuong 8: Chuyén vi ctia dim chiu udn
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Ps —Pr=Pns =—She (84)

V6i 5. 12 dién tich cda bidu do EAJ gém gilia hai mat cit A va B.

Pinh ly 1. Do thay déi goc xoay gilia hai mat cat cia mdt dam (thi du giia

A va B) thi bng dAu trii dién tich cda bidu do I';’;

X

gilia hai mat cét ay.

¢ TU H.8.13c ta co thé viét:

M
dt =Zdp =-7—*dz
2=

X

B B _M - A~
suy ra: oy = [ dt ="~z £y 02 =25

Zp Zn

z. la khodng cach tu trong tam cua dién tich s.dén B
Pinh ly 2. Do sai léch giiia ti€p tuyén & mot diém B trén dudng dan hoi véi
mot ti€p tuyén & mot diém A khac cling trén dudng dan hdi bang véi dau

tri mdmen tinh cta dién tich cta biéu do EAJ ddi véi duding thang dung di

X

qua B.
Tu H.8.13d ta co:
Y8 = Ya + @alag + tga
=VYa+ @alag — 7.5 (8.5)
(8.5) chinh l1a céng thuc dung dé xac dinh dd vdng clia diém B néu biét dod

vong clia mot didm A (zs > z,) va biéu do M« giiia hai diém nay.
g = g y

¢ TU (8.5) ta ciling c6 thé tinh dd vdng cla diém A khi biét do véng cla
diém B (zz > z4). That vay theo phan trén ta co:

Pn =0y +S a8
va: Ya=Ys— @alag + 7.5
VGi: Zo = Lag — ¢
ta viét: Ya=VYs —(qDB +§AB) Lpg +(Lag — 2 ) Sse

Khai trién va rat gon, ta dudc:
Ya=Ys — ¢slas — ZcSas (8.5)
trong dé: zc - 1a khodng céch tu trong tdm C cla 5. ké tu A.
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¢ Dung phuong phap DTMM can biét dién tich va trong tam clia mot s6
hinh ( bang 8.2 ).

Thi du 8.7. Dung phuong phap DTMM x&c I
dinh géc xoay & dau trai A va dd vong & diém A [11] Ii B
D gilia dam (H.8.14). EJ, = hang sé. A ° 7737
. L/3 L/3 L/3
Giai.
+ Theo dinh Iy 1, cong thic (8.4), xét hai didm % \E 2/3
A(z=0)vaD (z=L2): A b 4 QU
€0D:¢’A_§AD 5 qu 12 EJX
e s e e . 72 EJ,
Chu y rang ¢p = 0 vi bai toan dbi xung va s IL.8.14
c6 thé phan chia thanh 5,+5,+5, (H.8.14). o
= ¢A—(§1+§2+§3)=0
(0A=§1+§2 +§3
g 1 Lo4 g L2 g L_13 qU
"727E) 273 72"k "6 3 72E] 6 648 EJ,
Goc xoay clia méat cat A thuan chiéu kim dong ho.
+ Ap dung cong thtc (8-5), ta viét
yD:yA+¢A%_EC§AD
3 p— —
=0+ £ ——(2(01)81+ZE:)82+Z£:3)83)
648 EJ, 2
L KL 1 Lj 1 490 L
><—— —+=xX— |x= X—+
648EJx2 6 3 3) 2 726) 3 q
2 2
JL L L 4 3L 2 LXL} WLTTTTTTTT T
2 6 6 72E), 8 6 3 72E]), 6 A ow 7787
B 77 qu L2 5 L2 ﬂ
11664 EJ, i i i
, 5 - M,
Po vdng mat cat D hudng xuéng dudi. W
Thl du8.8 S_lziq_L3 _:iq_|_3
Xac dinh géc xoay 6 A,B va do vong 6 D 72E), !/ 24E), M,
5 S /
cla dam cho nhu H.8.15 W -
1a-
o . o A .. 24 EJ 1ql°
Chuong 8: Chuyén vi cua dam chiu udn § oiffec 24
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Giai

2 o ” . M
+ Biéu do mé men ubn M, va EJX

vé nhu H.8.15
+ Theo cbong thuc 8.5, ta c6:
VB =Ya+ @al — 2¢ XS
0 = 0+ @al —2¥x5,—70x5,
D ga = T (x5 1 + 70 x5 )
=

3 3 3
L|\82 2) 72E), 82 24EJ), | 576 EJ,

+ Bay gid ap dung dinh ly 1, cong thuc (8.4)

P8 =Qa— Sw =@Pa— S1— S2
I O N S I

576 EJ, 72EJ, 24EJ, 576 EJ,

Géc xoay mat cat B ngudc chiéu kim déng ho.
+ Cudi cung xac dinh dd vong & D bang cong thiic 8.5 ap dung cho hai
diémAvaD
yD=yA+¢A% - EC§AD
13,00 L

13 L_3Ly
576 EJ, 2 82

+ Ta c6 thé kiém tra lai k&t qua cla yp bang cach khdo sat doan DB,
ap dung (8.5)’
Yo =Ys— (DB% — Z¢ Se

3 3 4
576 EJ ) 2 8

24E) ~ 576 EJ,

N
X
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8.5 BAI TOAN SIEU TINH
(BTST)

Tuong ty cac bai toan
vé thanh chiu kéo, nén ding
tam, ta con c6 cac BTST vé
uén.

Pé la cac bai toan ma ta
khdng thé xac dinh toan bd
nbi luc hoac phan luc chi
vGi cac phuong trinh can
béng tinh hoc, vi s6 4n s&
phai tim cla bai toan I6n han
s& phuong finh can bang
tinh hoc ¢6 dudc.

Ppé giai dugc cac BTST,
can tim thém mot sé phuang
trinh phu dya vao diéu kién
bi€n dang cta dam.

Xét cu thé thi du sau:

Thi du 8.10. V& biéu do ndi
luc cho dam nhu H.8.16a.

Chuong 8: Chuyén vi ctia dim chiu udn
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Biét EJ = const.
Giai
Giai.

+ Dam da cho c6 4 phan lyc can tim (ba 6 ngam A va mot & goi tua B).
Ta chi c6 3 phudng trinh can bang tinh hoc, nén can tim thém 1 phuong
trinh phu vé diéu kién bién dang clia dam.

+ Tudng tugng bo goi tya 6 dau B va thay vao dé mot phan luc Vs
(H.8.12b), ta dugc moét hé méi. Hé nay chi coé thé lam viéc gidng nhu hé
trén khi Vg phai cé tri s& va chiéu thé nao dé dd vong tai B, do tai trong g
va Vj sinh ra, phai bang khéng

< Diéu kién bién dang ( chuyén vi): ys(q, Vg) =0

+ Ta tinh dd vdng tai B badng phudng phéap tai trong gia tao (hay mot
phuong phap khac).

Biéu d6 mémen uén clia dam & H.8.16b do tai trong g va phan luc Vs
gay ra vé nhu H.8.16¢,d, DGT va g4 nhu H.8.16 e, g. Ta co:

D6 vong yg clia hé 8.16b chinh la Momen giéa tao tai B cia DGT
oL’ 3y — 1y Vsl 2}

2EJ 4 2 EJ 3
Piéu kien do vdng yg=0,= V5 = qu

YB =M§t =%L

Sau khi tim dudc Vi, d& dang vé dudc cac biéu do nodi luc clia dam da
cho nhu H.8.16 i, k.

Thi du 8.11. Tinh phan luc Vs
N P
clla dam siéu tinh nhu H.8.17a. \

Cho biét : EJ, = hiing . °
Giai. a b i
Tuong tu thi du trén, ciing : o
cé diéu kién yp=0 A I
B

Tinh yg bang phudng phap
dién tich m6é men ‘ ,

Biéu do M,/ EJ, do taitrong © Pa
P va phan lyc Vs dugc vé ‘

H.8.17c e NN
EJ.

Ap dung cong thic (8.5), ta
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co:
Ya=VYB — (DAL + EgAB
0=yg— OxL + [—(L—EjlaE+EL%L\£}

3)2°E) 3 2 EJ
Pa’(3L-a) VL
== +
ya 2EJ[ 3 ] 3EJ

Diéu kién yg= 0 cho ta
_ Pa’(3L-a +VBL3
2EJ 3 3EJ

Pa’
suy ra V= —(@BL-a
y B E ( )

BAI TAP CHUONG 8

8.1. Xac dinh dudng dan hodi dam bang phudng phéap tich phan khéng dinh

han, biét M, = 20 kNm

8.2. Xac dinh gbéc xoay & hai dau dam va dd vong tai gilta dam bang
phuaong phap tich phan khong dinh han

8.3. Dam mat cat ngang thay déi va chiu lyc nhu H.8.21. Tinh dd vong tai
dam tu do va goéc tai mat cat ngang gitia dam.

h

NN
N

A

cl P[P =t k
g b2, 2 R
T7777TH7 77777
ﬂd L/2 ﬂﬂ L2 ?LW
H.8.20
H.8.21
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8.4. Dam c6 do cuiing khéng ddi. Xac dinh:
- D6 vong va goc xoay tai C
- Goc xoay tai Ava B
- P vong tai mat cat D

q 4qga

rr] b o
C /;7%77 D /7%78

| a | a |
1 (I

H.8.22

8.5. Tim dd vdng tai mat cat C, géc xoay bén trai va phai khép A cla dam

MM
(@]

——
—
—N—
RN

nhu H.8.23.

| a

1 t
8.6. Tim do vdng tai B, géc xoay tai A cia dam nhu H.8.24.

a

JEEN S

H.8.24
8.7. Xac dinh do vong va goc xoay tai C 4o N
A 2EI B El ‘
AN s
| 3m | 1m L
1 1 1
H.8.25

8.8. M6t hé thong gom ba cong xon, Dam ty do dugc lién két vdi nhau
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bang nhitng gang cung. Tinh Gng suat cuc dai 8 mdi dam khi c6 lyc P
treo 6 dam

ARNRNRANY

ﬁ
-

8.9. V& biéu d6 ndi luc ctia dam siéu tinh nhu H.8.27. Viét phuong trinh
dudng dan hoi.

I T rrrrrry

8.10. Xac dinh phan lyc cia dam siéu tinh nhu H.8.28.

M

o

- N AN A e
2 S

L L/2 L L/2 |
1 1 {
H.8.28

8.11. Thanh thép dai 1 m, mat cét chii nhat 2036 mm, ngam & dam A, chiu
lic P = 30 N dat & gilia nhip. Kiém tra doé bén cla dam.
Biét [c] = 16 kN/cm2 O dam B cé khe h3 & = 20 mm, cho E = 2.10°

60 mm

B
L 0,5m L 0,5m | 20 mm

1 ’ 1

>
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MN/m?
H.8.29
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