Chuong 3
DAO PONG CUA HE VO HAN BAC TU DO

Phueng trinh vi phan dao dong tu do clia ddm ¢ khéi luong phan bo theo chiéu dai viv do
cing khong doéi cé dang:

2 4
m2Y i m S oo (3.1)
ot Ox
Nghiém cta phuong trinh vi phin nay dugce biéu thi bang tich ca hai ham:
y(x.l) = X(x) . T(l) (32)

trong dé: X, - ham chi phu thuéc vao toa do x;
T,,, - ham chi phu thuoc vao thoi gian t.

Khi dé phuong trinh vi phan dao dong tu do duoc tich lam hai phuong trinh vi phan
thong thuong:

’
2

T

—+o'T=0
dt”
d'X -’ M x-0
dx* EJ

Nghiém ctia cdc phuong trinh vi phan tuong tng nay la:
T, = A sinot + B coswt (3.3)

Xy =C;sinkx +C; coskx + C; shkx + C, chkx (3.4)

trong dé:

A, B la cic hang s6 dugc xdc dinh tit cac diéu kién ban dau, C,, C,, C;, C, 1a cdc hang s6
duoc xédc dinh tr cdc diéu kién bién.

2 M

k' =0’ —E—j- Gid tri k duge xdc dinh theo cdc diéu kién bién, n6 phu thudc vao lien kél
dau dam. Tu biéu thic trén, ta cé thé tim dugce cong thic xac dinh tin s6 dao dong tu do:

W= B k? (3.5)
m

Khi hé chiu tic dung xung phan b6, xung khai trién theo cic dang dao dong riéng duoc
xdc dinh theo cong thuc:
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{8 X dx
S . =m, X, = (3.6)

!  ['m, X7dx

Phuong trinh dao dong cua hé chiu tic dung xung la:
S S
Yo =9 i sinw;l (3.7)

o Mmoo,

Khi hé chiu tdc dung cua tai trong dong phan bo co quy luat thay doi bat ky theo thoi
gian, tai trong khai trién theo cic dang dao dong riéng duge x:ic dinh theo cong thic:

'[: X 4i,dx

9o =My Xi(n T : (3.8)
j m, X dx
Phuong trinh dao dong cua hé:
Jﬂ qi(()
Yoo =2, —— Kt (3.9)
P n]x
Trong do: K (1) 1a hé so anh hueng dong hoc theo thot gian.
Bai 3.1: a) Xdc dinh tan so dao dong riéng:
Hinh 3.1
Ciac diéu kién bien:
tai x =0:
. dzxi\')
X, =0, ——=0 (a)
dx-
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tai x =/

d*>
Xgy =0, — w0 (b)
" dx?
Tir 3.4 ta 1dy dao ham lén:
d’Xx . .
5 =k*(~=C,sinkx -~C, coskz + Cyshkx +C, chkx)
X2
2
Thay diéu kién bién (a) vao phuong trinh X ,, va o s€ duoc:
X
(c)
-C,+C,=0,suyra: C,=C, =0
Viét diéu kién bién (b) c6 ké dén (c) sé& duoc hai phuong =i 5
C,sink/+C;shk/=0
-C,sink/+C,shk/=0
Pé ton tai dao dong thi C, =0, C;20,dodéta - 7 ai tir >
sink/ shk/|
-sink/ shki|
Khai trién dinh thic, s& nhan dugc phuong trinh tan s6:
D =sink/,shk/=0
Vi k luén khdc khéng, nén sh k/ # 0, do dé:
sink/=0 (d)
Suy ra: k/ = im,
Vaii=1,2,3,. . Dua gi tri k vio biéu thirc (3.5) ta nhan duoc:
i‘n’ [EJ
/ m
Tan s6 dao dong riéng thap nhat (tan s6 co ban) ting véi i = |:
n® [EJ
wl =(Dmin VA
I- m
b) Xdac dinh cac dang duo dong riéng:
Dang dao dong tong quat cba hé theo (3.4) ¢6 tinh dén (c) sé la:
X, = C,; sin kx + C, sh kx (H
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Taix =/, taco
X, =C,simki+C shk/=0
sin K/

Tu () suy ra: C, =-C, - —
Y ' ' Shok

Visin k/ =0 nén C, =0, do do ta viet fai (7
X, = C, s kx_ hay:

CITX
X, =Csin——
' /

1=1,2,3,...o)

(i)

(k)

(k) ka phrong trinh dang dao dong riéng cua hé. Cic dung dao dong riéng caa hé duoge

mo ta trén hink 3.1 véi ba dang dao dong rieng Jdu tiénuimg véii=1,i=2,i=3.

Bai 3.2: Cic dicu kién bién:

- Tai x =0: ;L m &
"{Xm; -
X, =0, === (@)
dx
-Tain=1 1
) ‘ 4
d X d'X
B A Ay (b)
dx - dx”’
'The dicu kién bién (a) vao phuong trinh (3 45 v dao -
ham cua no, 1a duge:
JC, +C, 0
. ()
lC,+C, =0 s

£

Viét dicu kién bién (b) ¢é ke dén (¢) ta duge hai

phuong trinh. Dicu kién d¢ ton tai dao dong sé cho ta Hinh 3.2

phuong trinh tan so sau:
D=cosk/ichki+1=0

Nuhiém cua phuong trinh siéu viét trén:

1875 4.694 7855
l\! = mm—— E\I:¥‘ N l\::""—_ .....
/ / ‘ /
Thé cae gid tri k vao (3.5) trduoe cac grd trn tan so dao dong riéng:
3516 /E) 22 }f EJ 617 |E]
O T Ly — 0 = [—
¥ m 2 Vm [~ m
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Moi tin s6 o, tng véi moi dang dao dong riéng. Ba dang dao dong riéng dau tién duoc
mo ta trén hinh 3.2

Bai 3.3: Dap s6:

Phuong trinh tan s6 dao dong riéng, gid tri cac tan s6 dao dong riéng va phuong trinh dang
dao dong riéng cho & bang 3.1. Ba dang dao dong riéng dau tién dugc mo ta trén hinh 3.3,

[}
\

TSR

Hinh 3.3
Bai 3.4: Dap so:
Phuong trinh tdn $6 dao dong riéng, gid tri cic tan s6 dao dong riéng va phuong trinh dang
dao dong riéng cho & bang 3.1. Ba dang dao dong riéng dau tién duge mo ta trén hinh 3.4.

Hinh 3.4
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Bang 3.1

So dé di af EJ
0 ddm va ST » Ao 1A
phuong trinh tan s6 / m Dang dao dong riéng
i o,
o i |
e / e 1 3,142
== i > 6,283 .
sink/=0 3 9,425 o0 = A S EX
%
oy i i
;g; [ 1,875 X = A, [(shk, I +sink; /)
- I " 2 4,694 (ch k;x -cosk, x) -
3 7,855 - (chk, I +cos kD).
. (sh k; x - sin k;
-cosk;/chk /=1 ; £(2i—l) (Shikx-sink]
2 j
- 7 l 4,73 Xy = A, [(sink, [ + shk, 1)
3 b 2 7.859 (chk, x-cosk, x)-
D oy -(chk, I +cosk /).
3 10,996 .(shk, x-sink; x)]
. ..
cosk, /chk /=1 ' 5 @D
) . 1 3927 X = A [(sink, I+ sh k; 1)
2 , 177 2 7,069 | (ch k; x - cos k; x) -
-] !
P~ ! 3 10,21 | _(chk; I +coskl).
. (shk; x-sink; x)]
tgk /-thk, /=0 ‘
g - ' Z i+
2
] 4773 Xl(x) = Ai [(Ch ki I - COS ki 1)
I 2 7,853 (shk x -sink x) -
o - :
3 10,996 - (shk; / +sink; ).
T .(chk,x+coskx)]
cosk ichk /=1 i 5 @i=D
, ! 3,927 X0 = A; [(chk; ! +cos k; )
% !\ 2 7,069 (shk; x +sink; x) -
e ! - 3 10,21 -(shk,/+sink; ).

tgk,/-thk, (=0

.(chk;x +cosk x) ]
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Bai 3.5: V&i dam dat trén nén dan hoi ¢6.hé s6 nén k, trong phuong trinh vi phan dao
dong tu do, ta phéi ké dén thanh phan phéan luc nén, khi d6 phuong trinh (3.1) ¢6 dang:
4 2
/ 0
z +m 2

2

EJ

o
+ky=0
Ox

Néu tinh dén tai trong phan bo déu g thi phuong trinh trén sé la:

84 azy
B} S h(l4e) “Laky=0
ox ot
Trong do: e=-1
mg

J [y e ~ [ ~ At x . Ve . ~ . ~
beé tién cho qua trinh giai, ta dua vao bién z = 7 Khi d6, ta ¢6 phuong trinh vi phan

dang dao dong tu do:

o'v. (I+e)ym!? 62)/ k/*
+ —+
ozt EJ ot~ El

Nghiém ctia phuong trinh nay duge biéu thi bang tich cia ham:

y=0

Yo = Koy - Ty

Trong d6, X, - ham chi phu thuodc vao z, T(t) - ham chi phu thuge vao thai gian t
Phuong trinh dao dong tu do dugc tich ra lam hai phuong trinh:

T, +0°T,, =0

Xf)_/) —(r’w’ —¢) X, =0
Nghiém cua phuong trinh vi phin diu {a:

T, = A sinot + B cosot

Nghiém cta phuong trinh vi phan thit hai ¢6 dang:

X, =Cshrz+C,ychrz+Cysmnz+C,cosnz (a)
Trong dé:
s A ) kit
r _Lre)ml tem \ 1'14 =00’ -C); C=—
EJ EJ
Diéu kién bién cta dam don gian hai géi tua khdp nam trén nén dan hoi nhu sau:
X Cl2><(0)
x=0,2=—=0,¢6:X,, =0, — =0 (b)
! dz-
dem
x=[z=1, c6:X,, =0, — =0 (¢)
dz~
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\
'The diéu kién bién (b) vio phuong trinh (a) va dao ham bic hai caa né, ta duge: C, = C, =0,
va do do:

X, =Cshrz+Cysinnz

Viét diéu kién bien (¢) ¢ ké dén: C- = C, = 0, ta nhan duge hai phuong trinh sau:
[ C shir. L+ Cysinr . 1=0
Al . N
r; (C,shr,.1=Cysiny, .1} =0
H¢ s ¢6 nghiém khic khong khi dinh thie ¢ta hé bang khong:
ishr, sin,

shr,  —sinr

Khai trién dinh thiic, ta s¢ nhin ducc phuong trinh tin so:
shrysinr, =0
Nhu viy: r, =17,

N

N P L PR ,
Otwréentadaco: 1 = (r' o —C)cudicung sé nhan duge.

o =

-+ ~ . - b}
3 ll "{ ( 1471'1 “‘(
LT 1
I I
P
1" B+ kS
M = |- —

| \ (l+c)m/'l—

Tan s6 dao dong riéng thid nhal (tan so co ban):

‘nt EJ 4+ kI
0 = |

i . e
\;’ (I +e)m/
Bai 3.6: V&i dim dat wr do trén nén dan héi, ta ¢ diéu kién bién 1a luc cit va mé men
uén ¢ hai dau dam bang khong:

d’X d'x
Tar z=0, (x=0). taco: IR W _
dz” dz”
. d:Xm d‘;X(L
(",ll 2:1,()(:]); - — ‘ —0
dz- dz”

Theé cic diéu kién bién nay vio ¢ic phuony trinh tvong tne. 14 duoc bén phuong trinh sau:
: 3 p g g ung . g

0+C,+0-C, =0

C,+0-C,+-0=0

Cpshr, = Cyehny = Cysing =C, costy =0

C,chry +Cyshr =C cosr, —Csinr, =0
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Tir hai phuong trinh dau nit ra:
C =G
C,=C,
Thé vao hai phuong trinh cuéi, ta duoc:
C,(chr, ~cosr )+ C,(shr, —sinr ) =0
{Cz(sh r,+sinr )+ C, (chr, —cosr)=0

Diéu kién dé t6n tai dao dong 1a dinh thitc clia hé phuong trinh trén phai bang khong, tir
dé rit ra phuong trinh tan sé dao dong riéng:

chrycosr =1
Nghiém ciia phuong trinh nay: r, = g(zi ~1),

trong dé:1=2,3,4...

Khi d9, tan s6 dao dong riéng sé la:

o - Eln*(2i—1)* + 16k!*
' 16(1+e)ym/?
Voii1 =2, tacotan so co ban:
o - 81EJn* +16k/*
: 16(1 +e)m/*

Bai 3.7: a) Xdc dinh d6 vong va m6 men uodn 16n nhat.

O bai 3.1 da ¢6 tan s6 dao dong riéng va dang dao dong riéng:

i B, . ot [E
w; = Iz Vo @, wl_F—' -

. ITX
Xi(x) = S1in T
Xac dinh xung khai trién theo cic dang dao dong riéng theo cong thic (3.6):
lS X dx . IIS.SEH(LT[—XJCIX
o X! 170X ©
Siy =m,X,;- =m .
I

Lan lugt tinh tl s6 va mau s6 biéu thic S, .

i / 2s/
J(:S.sin(#J dx = .E-(l — COS M) = —S~

17 I
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veri=1,3,5,7, ..

1 o[ 1TmX 17X m/
jm.sm'(—— dx =m j —|l-cos 2 — ldx =—
§] X ] 09 ; 2
Do do:
28!
[ ITX i 48 X
Si(\,zln.mnﬁ-#-— SIS Sin =
‘ / m i i
2
Phuong trinh dao dong cua hé viét theo cong thire (3.7):
C[imnx
. 4.8.51:1( » )
. o)
Yo = 2 = == sm(1"ot)
! T I i-w°  |EJ
i m - -
/ m
hay:
48/ A

Clinxy L
Yoo = = Z Ty Smo-— - ] : 5111(120)|t)
T \/EJ.m S ol

Gid tr1 1on nhat cua do vong theo thai gian, xay ra khi:

. ) . ) (.2 T(\
sin (t"ot) =sin| 17 — =1
0
1=1,3,5,
. b s ge m T
tng véi thoi diem t | = 5= _4L ,
[6)]
=0,

Trong doé: T, - chu ky dao dong riéng dang dao dong rieng th nhat.
Vily:
4S1- o0 (inx
yx = —— - r S ; :
e \/EJ m E.:.l P o

Gi4 tri 16n nhat cua dd vong theo toa do truc dam tai vitri x = 5 (gi1ta dam).
48/ o1 ,n) 4S1° 11
Yoy = e '—*sm[n: = [l——+—m—~—-+...j:
R \EJ .m .21: i’ 2) 0w \EJ m 3 st 7

4s/° ! & SI-
T \/Ej.m 32 8J/El.m
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Pé xdc dinh noi luc moé men uo6n trong dam, ta sit dung biéu thic quan hé vi phan giita
noi luc moé men udn va dé vong: *

Dua biéu thic y,,, & trén vao, ta s& cé:

:_EJ{ 48/

4S5 fEJ . (inx}
=— L |— - -sin|—
movm I !

Gia tri I6n nhdt cua mo men uon tai vi tri gita dam x = —

2
4S EJ( | )
=— J— |l-zc+—--c-+.}=
5 7

T m 3

S B r_g. B
m 4 m

D) So scanh Lét gui véi cach tinh gan ding

_ 45

M, = z sin ( 5

T m.n

A
Il

[Nl

Khi tinh todn gan ding dao dong cua hé, ta xem hé chi dao dong vdi mot dang duo dong
riéng tng véi tan so thip nhat phu hop vdi su tac dung cua tai trong dong. O day, xung tdc
dung phan bé déi xing, do do6 ta chi tinh gin ding dao dong xdy ra img vdi tdn s6 =, dao
dong ctia hé xay ra nhu dao dong cia hé mat bac tr do.

Tai trong tirih tuong duong trong trudng hop nay:

qu=S.0,
Do vong 16n nhat trong dam don gian tai vi tri gilta dam do tdi trong tuong duong gay
ra la:
5 gt SS.w0t k
= = =U,12865 - ———=
384 EJ 384El] ~EJin
Moémen uén 1n nhat trong dam don gian do tai trong phan bd q, gay ra tai gitta dam la:
It S’ 'ES
M=dw 200 01235 S =
8 8 V m
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Nhur vay, sat s6 tinh todn vé do vong la:
0,125-0,12865

- 100% =2.9%
01725

Sal s6 vé€ ndi luc mo men uon i

| -1,235 ) ,
] 100% =235%

Bai 3.8: Thanh phin khai trién cua i trong theo dang dao dorg riéng thi i duge tinh
theo cong thuc (3.8):

C X
JIq.X dx . Lq.sm -——).dx
. , o TR . ITX A
g, (x)=m_X, = =m sin I -
| m X7dx m J.lsin‘\(m-v)-()dx
«a I
l'l.) khi 1=2,4. ... (i:chan)

1 )\): )‘ e . ] 7 \‘ . . )
a: ﬁﬁi‘--5‘111(]~7;-1(~J Khii=1,35. (:le)
in ;

H¢ so anh huong 0ng hoe thee thoi glan trong truong hop nay:

I - cosm;t
K‘.n(t) e o]
0N

Phuong trinh dao dong cua hé duoc viét theo cong thic (3.9)

o fimx
4 L4 sm[ ) J
y(x‘[)zz_]L_.km(()_-: Z 1. _

(I —cosm;t) =

o) My -1y LT i4ﬂ4 EJ
m- o
I~ m
9/ & 1 (iax
= Z -7 sin (I —=cosw, 1
. Bl o0 {
Gid tri 16n nhat cta y,, |, theo that gian xdy ra khi cos™(i"e,t) = - 1, (ng véi thoi diém

t =~ trong d6: T, ta chu ky dao dong riéng cta dang chinh thi nhat.
4

Gid tri 16n nhat clia chuyén vi y_ theo truc dam tai vi tri x =

i
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M, =g LY
dx~
8qlt & (i
M, qz Z lz 'Sm(lnxj
T o=13 1 [
Gia tri 16n nhat cia mé men udn tai vi tn’x:—;—.
8qit Z 1 i 8q /> 11
T joa 0 2 n 3' 5
_8 14 T[.%_’q/z
T 3 4

Néu ta xem rang dang dao dong riéng cta dim trung véi dudng dan hoi tinh do tai trong
phan bo déu gay ra, thi:

5 qu-l’ 5290 5qlf

Ymx T 3ea B} 384E)  192E)
Cqu o 2q17 _ql”
muax 8 8 4

Nhu vay, sai s6 trong truong hop cu thé ndy 1a khong c6.
Bai 3.9: Thay tai trong dong da cho bang tai trong bac thang tac dung lén dam:

P
_ A?(D 4 :L? 100 = 500N /em

q
Chu kY dao déng riéng thu nhat:

oo _2m_ 200 m 25000 | 008
'“o, = VE} 314 V42102 T
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Hinh 3.5

Thoi gian duy tri i trong 0 = 1,45 I6n hon nhiéu so véi ntra chu ky dao dong riéng T,
do d6 gia tri do vong va momen udn s& dat duge trong thoi gian duy tri tai trong. Ta ¢d thé
sir dung cong thic da nhin duge ¢ bai 3.8. Néu chi 18y mot $0 hang ddu cuta chudi, ta c6:
dong vong 16n nhat:

8yl /
ym:u =Y (I = ‘“‘q—-wﬂ— = 0,02()14 ﬂ..__
. . ElLm EJ
: 4
500.500
yl!l:l,\ = ()*()26‘4 . "__ﬁ"l*‘)‘ =0.195cm
42.10°°
M6 men udn Ién nhat:
8ql*
Mm;l\ :M/] T = q; :0,258 q/2
, .

M, =07258 500.500°=321.10'N.cm =321 kN .m

max
Bai 3.10: Dap so:

- D6 vong I6n nhat:

5 gt
Ynm.\ = 243 ) EJ
- Mémen udn 16n nhat.
'?.qlz
N,IHHI\ = 2
s

Bai 3.11: Hé s6 anh huong déng theo thoi gran trong truong hop hé chiu tic dung luc
kich dong diéu hoa.
sl
K=

Al 2 >
L'~)| =T
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Phuong trinh dao dong clia hé viét theo cong thic (3.9) ¢é tinh dén hé s+ k(1) s€ la:

x)- sinrt_sinrt & q;(x)
- 2

o5
q;
Y(.\,I) _'Z 2 2 )
-1 My o —r m . 0y —-r

Véi dam don gian, ta c6:

:2 2 .
G

2

®. =
1 12 m

Thanh phén khai trién cla tai trong ting véi dang dao doéng riéng thit i duoc viét tuong tu
nhu cong thitc (3.8) khi hé chiu tai trong dong tap trung:

m .
. ima
2 Pi(t) X, (x;) X P.sin -—--
-
q(x)=m, X, -2 | =msin : 11
j m, X7 dx ! m?
1]
2
2P 17X ima
=— . siIn—— §Iin ——
/
Dua tai trong khai trién g,(x) vao biéu thic y, ,, & trén, ta cé:
R L2 S ina
sin —— —
Yoo = sinrt i 2P / i
n - -
x m o ! (uiz —i?
Gia tri 16n nhét cha do vong theo thoi gian tai sin rt = 1, ta ¢6:
. mX . ima
w  SIN —— - sin —
Yoo = =Y L=
== =
-. -y
. ITmX S 1ma
sin —— - sin ——
_ 2PI° B i i i
T[4EJ 1=1 .4{ rz }
1| 1- 5
oF

Khi tai trong dong tap trung dat tai vi tri gilra dam, (a = 5}, thi d¢ vong ciia ddm sé ¢f
gia tri 16n nhat theo truc dim. Khi dé biéu thic tlr s6 bén trong dau tong ctia phuong trinh

dé vong sé la:

ity . ima (. i) [0 khiichdn
S Sin — =
I khiilé,
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Do do:

2P & ! 96 < 1
Ymax = 4 Z 3 = Y- 42 2
s EJ 1=t 4 r- T 1= 4 r
I -
©; 0;
Trong dé:
Prto .
yr = 23 la do vong tinh do tai trong tap trung P dat tinh tai gita dam gy ra.
96 l l
Ymax =¥1 "7 5 N + — 3 +- - %2,254
Tt [r(l ~0075%)  3*(1-0,083%) } IT
Bai 3.12: Dip so:
y = S
nix 4 EJ.m
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Chuong 4
DAO PONG PAN DEO HE MOT BAC TU DO

Bai 4.1: Vat liéu lam viéc theo so do dan hoéi déo 11 tuong cho trén hinh 4.1.

¥ <

b)

Hinh 4.1
1. Tinh trong giai doan dan hoi

a) Xdac dinh tan s6 dao déng riéng va dung dao dong riéng.

8 -5
w:\/ I :\/3EJ :\/3.2,1.10 78107981 _ o

M.§, Q. 1,23.1°
= 2n = 6,28 =0,1 (s)
w 626

b) Xdc dinh hee dan héi gidr han (luc tinh gidgi han) dudi tac dung cta luc nay, trong dim
s€ phdt sinh khép déo:

o _CaWa_ 0w LISWa, 0y 115

gh — -
/ / )b
2
4 -8
_ 2,1.107 .1,15.78.10 — 4.71.kN

1.0,04
¢) Xac dinh do véng dan héi lon nhdt:

Pyl 471.1°

dm = = . o= 0,0096 .M =0,96.cm
3EJ 3.2,1.107.78.10

d) Tinh xung dan hoi gidi han

P
= _& =i7—1=7,52.10'Z kNs

S, =
B 626

Gia tri xung tac dung di cho S = 20.107 kNs lén hon nhiéu so v&i xung dan hoi gidi han,
do d6 dam s& lam viéc trong giai doan déo.
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e) Xeie dinh thoi gian dat dé véng dan hoi lon nhat

S, 1 7,52.107
lym = larcsinLh = ——arc sin% =0,00617 (s)
' o S 626 20.107°

2. Tinh trong giai doan deo

a) Bo vong cue dai crta hé do tic dung cua iy da cho:

l 2 6 20210
yl“[l.\ =% yd m 1 + S’) = 0’9 l + O ]0 4 = 3,88Cm
2°% si, ] 2 7.52.10°

h) Thoi diém hé dat chuyén vi cuc dai Y, dé:

ZLTRY

2 l 2
Lo = Ly + — S, 12000617+ —— |2V 1 = 0.00617 +0,0395 = 0,0457 (s)
o 2 62.6 | 7,52

Sau khi dat gia tri d6 vong cuc dai, dam s& dao dong tur do voi tan s6 o = 62,6 (1/s).

Bién do dao dong tudola Y, =0,96cm.

dm
) Chuyén dinh chuyén vi du:
Yy=You - Yom=3.88-0,96 =292cm

V6i cdc két qua tinh duge § tren, ta xay dumy biéu da thay doi do vong tai diém A clia dam,
khi diéu kién 1am viéc cla vt fiéu dam 1am viéc theo so dé dan hoi déo i tudng, xem hinh 4.2.

max

y(t)(cm)y

Hinh 4.2

1. Chuyén vi khi tinh theo so dé din hoi deo i wong;

2. Chuyén vi khi tinh theo s do dim héi If tudng; 3. Chuyen vi khi tinh theo so dé cimg déo.

Bai 4.2: Khi vat liéu cta dam lam viéc theo so d6 dan héi li tudng, phuong trinh dao
dong cua hé mot bac tu do chiu tic dung xung nhu di biét:

S :
v(t) = sinot=y . smout

M
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Do vong cuc dai:

3
Yimax = S_ =8“.(D.S = /—O).S
Mao 3E]

3
yo = I .62;6.0,2 - =0,0255.M =2,55cm
3,78.107.2,1.10

Thot gian dat do vong cuc dat:

I = 0: =0,025(s)

t nax

Bi€u do thay d6i do vong cuc dai tai diém A trong
truong hop nay duge biéu thi bang duong s6 (2) trén %
hinh 4.2 a4 IN

Bai 4.3: Ta s& xic dinh chuyén vi 16n nhat cta hé L /
tai diém A khi hé chiu tic dung xung va vat liéu lam |
viéc theo so d6 ciing déo hinh 4.3b, theo phuong phip
nang luong. g

Téc do chuyén dong ciia khéi luong tai thoi diem o y

ban daut =0:
. S c) / - :
y(l:O) = 'ﬁ Vemax

Dong nang cia hé do tac dung cua téc do ban dau la: = ! -

2 9
l ) 1 S S
K=-M{y)Y =—|—| =— ;
5 (y) 5 (Mj oM Hinh 4.3

Pong nang nay sé hoan toan bién thanh nang lugng ing véi cong thuc hién bang moémen
gi6i han ¢ trang thdi deo M,,, trong ting véi géc chuyén dich ¢ (cong néi luc):

yl]]ll'
A=My, ¢ =M,, - 22

Cho can béng hai biéu thitc nang luong ta s& nhan duoc gid tri do vong cuc dai:

2 2 2
v - S _ S'g _(OT981 o
*2M,, M 2P, G 2.471.123
yETIZlX = 3’4 (Cm)

Biéu d6 chuyén vi tai diém A cta trudng hop ndy 1a dudng dé thi s6 (3) trén hinh 4.2.

Bai 4.4: Chuyén vi 16n nhét cha dam khi chiu tdc dung xung trong diéu kién vat liéu lam
viéc theo so d6 cing deo dugc tinh theo phugng phédp nang luong hinh 4.4.
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Hinh 4.4

Toc do chuyén dong cua khéi luong tai thoi diém ban diu:

.S

y(u) M
Pong nang cua hé: K = lM(' ) —_i
né\ ‘I]C, ¢« - . = 2 Y(()) = 2i\4

Noi Iuc mo men udn cd gid tri 16n nhat tai gita dam, do dé khdp déo s& xudt hién tai vi
tri do.

Cong noi luc tng véi trang thai déo duge thue hien bot mo men gidi han cua trang thdi
deo va goc chuyen dich ¢ tuong img, hinh 4.4b.

M eh Y P

M= 45 L

Can bing hai bi¢u thic nang luong ta s& nhan duoce chuyven vi cuc dai cua hé:
2l
S _ M gh Y max
2M [
S

Youx = PR

8 M, M

Bai 4.5: Ta xem riing toan bo bién dang cia dam duoc tinh theo mét khdp deo tai vi tri
gilta nhip dam. Khi d6 8¢ do chuyén dong ctia mot diém cich goi tua mot doan x sé la:

() REEEEREEREREERE,

.

)-I(\) :yl | ’
{2)

2x
[

bé xdac dinh gid tri 16¢ do cua diém o vi i gilta
dam v, ., ta lam can bang biéu thitc nang luong gifta
{ | \ o & D C
| H
2

N

dong nang chuyén dong cua hé va dong nang do tic
dung cua xung luong gay ra:

Hinh 4.5
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1 (12 X 2 I a2 .
2.:).]0 mx(y(x)ydx:Q.E _E S y,dx (b)
Pua (a) vao (b) ta sé nhan duoc:
=D (c)
y{ij 2m
trong dé m la khoi lugng phan bd cta dam. Bay gio ta xac dinh dong niang cta hé:
L : 2 (38 2xY) . 38¥
K=2.-— my “dx = m —  — | dx = — — d)
2 L Y] j" (Zm [ J 8 m (

Cong ndi luc sinh ra boi moémen gidi han ctia trang thai deo tuong tng véi cic goc

chuyén dich ¢ sé 1a:

A=2 Mgh -p= 4 gh ;'yln;nx (e)
Cho can béng hai biéu thiic nang lugng (d) va (e), ta rit ra:
3 SZ,'Z
Ym:lx =" (f)
32 m Mgh
Bai 4.6: Dap s6:
N 3 SZIB
ymux 8 lTl - Mgh
Bai 4.7: Dap s6:
. S¥
yl“:lx 16 Mgh M
Bai 4.8: Ddp s0:
3 S?
ymux ==
64 m.M

2h

Bai 4.9: Dap so:

2

/ 5
/ cS-gh“\K/d | l BEJSh ]

Ymax = + 9 2
; 24E1 | Mio, W:
Bai 4.10: Dap so:
lzcgh'wd 3EJ52 }
ym:u =———" |1+ Ty
48 EJ Mic), . W3
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Chuong 5
DAO PONG CUA KHUNG

Ta di biét ddi véi cic cong trinh thue nhu cdc hé: dam. khung, vom... déu la cic hé cé
khot lugng phan bo, cac ket ciu ndy déu ¢6 s6 bic tur do 16n vo han. Tinh toan déng luc hoc
cic két ciu nhu vay sé rit phtic tap. Vi vay trong thuc t€ ngudi ta thuong dap dung cic
phuong phdp gan ding. Khi tinh két cau khung chiu tai trong dong ngan han, phuong phdp
gdn ding hay dugc str dung 1a phuong phip dua trén gia thiét sau:

- Cong trinh dugc khao sit nhu hé mot bic tu do, nghia 1a xem hé chi dao dong véi mot
dang dao dong xic dinh duy nhat.

- Dang dao dong duy nhii pht hop véi dao dong cua hé c6 duong dan héi tuong (ng voi
duimg dan hoi do tac dung cua tir rong tinh phin bo gidong vé tai trong dong tic dung trén
hé. Tir duong dan héi nay s¢ cho phép xic dinh duoce tin 6 dao dong riéng co ban cta hé.

sau khi xic dinh duge tan 5o dao dong riéng, ta s& xic dinh duoc hé s6 dong, tai trong
tinh trong dwong va tinh toin ket ciu chiu tic dung cua il trong tinh twong duong dé.

Téan s6 dao dong riéng duge xic dinh theo phugng phip niang luong nhu da biét di véi
hé mot bac tu do:

P

U..
o= /t— (5.1)
\ K max
Trong dé: U, - the nang |6n nhat caa hé;
K . - dong nang 16n nhat clta hé khi o = 1.

Po1 vai két ciau khung:

1 & M
U == Lodx (5.2
LIDHAY 2 ljl '[) El . )
PRI Sl LTS 53
[IRTAY E J‘“ rn AN \ ( \ ( - )

Véi: M, X, la ndi luc momen uwon va duong dan her do tic dung cba tai trong tinh cé
quy ludtl phan b giong vai quy luit tic dung cua i trong '9ng di cho gay ra. Dé tién 1gi
trong qud trinh tinh toin, cdc tich phin cua biéu thie dong ning va thé nang 16n nhit déi
val timg phan tir cia khung duwoc cho san o bang 5.1.

Khi tinh dao dong doi xing cue * 3t ciu khung nhu he mot bic tr do, tan s6 dao dong
riéng thir nhat dugc xic dinh gan dung theo cong thiie sau:
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trong dé:
k - hé s6 dac trung cla tan s6 dao dong riéng cua két cau khung;

/,, EJ;, m, - lan luot 1a chiéu dai, do cing va khéi lugng phan bo ciia thanh thir nhit cua
khung.

Heé s6 dac trung tan s6 dao dong riéng dugce tinh theo cong thite:

$ m B

K=10. =l 9[' EJ; (5.5)
5 (L] | (EL,] mo
o\ EJ, m,
trong do:
i - chi $0 cdc thanh cia khung dugc danh s6 theo mot trinh tu nao do;
n - 6 thanh cua khung;
U! - thé nang quy doi;
K! - dong ning quy doi.
'ﬁ]é’ nang quy doi va dong ning quy déi duge tinh theo cdc cong thic sau:
U =q? +40(M2, £ MM, + M2 )+ 10q, (+ M, £ Mg) (5.6)

K =1025q>+254(M2, + 1938M,, M, + M2 )+1012q,(+ M,, + M) (5.7)

Dai lugng M ,;, Mg, 1a cédc gid tri momen udn quy déi tai ddu cdc thanh thd i, A, B Ja
chir ky hiéu dau thanh AB.

M, =—2 ; Mg =—" (5.8)

trong dé: M, M, 1a momen uon tai cidc dau thanh A, B cua thanh AB. Cic mé men M,
My, phit sinh do tdc dung cua tai trong tinh ¢6 quy luat phan bé gidéng véi tai trong dong
tac dung trén hé da cho. Trong cdc thanh khong c6 tai trong tdc dung thi khi tinh th€ ning
va dong nang quy doi ta xem q, = 0.

Dau cdc dai lugng trong biéu thic (5.6), (5.7) dugc 1ay nhu sau:

- C4c mo6 men quy déi 1y dau duong (+) khi cing thé trén va ngugce lai.

- Tich cdc mémen quy déi M, My, 14y dau duong néu ching cing cing vé mét phia

va nguoc lai.
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Peé tién cho tinh todn, ta thuong vé biéu dé momen udn trong khung do q = 1 gay ra.

‘Trong tinh todn gin ding dao dong cua khung nguot ta con su dung phuong phéap thay
thé khoi luong. Noi dung cia phuong phdp nay la thay the so dé khoi lugng phan bo theo
chiéu dai cia cdc thanh trong khung vé mot s6 khéi luong tap rung. Nhu vay bai toin dao
dong hé khung ¢é s6 bic w do 16n vo han duge dua vé bii todn dao dong cua hé hitu han

bac tr do da dugce xét ¢ phin tren.

Bang 5.1.

N* So dé tinh todan

ju

— dx
El}

g
SEERREEEEXEREL

o3
I
I

IS o

g
RERRRRREREEX;

r

n
EJ |

“2My Ay +MgBg]

LIS

J

s

: . .
[[M3dx+ (M2 + M, M, + M)

!
lax B, = | M, xdx

i o q 18
2 ~ 4 -
e , P 120E)
F__ P R N ,.E
1 T =24
: HHHHHJ}N 24/5
T 44 SEJ
Yecosad / Vecoard
A —
<\ MA \48 /“; N
A —i»—g{: - 9 /
0 P (M =M My MG
A S
WM MO 5
5 ;m 7 _ M7
i / S ! EJ
| ;
M
M T M7/
6 5 ~} P
e L 3E)
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[T¥]

M

N° So d6 tinh todn JrE— dx
]
y q=24
SEEERREEREEER L 1 [ 2477 (M1 Y Mﬁ)J
— ] A + Mg =+
"X <
/ v
| - | + 20 (M, - My)]
Ne So dé tinh [mX: X
" a T ! , I n ]
ST I IR EE R m L Xpdx+2J'u Xp N dx + L X, dx
! i ”&:ﬁ Xp=q (% - 2/x + x*)/24EJ.
! |' bl 2l ol
* ' X, =M, (' =202 + 2020 + My (1% —x ") |/ 6EJI
q
EEEEEXEEEXXE, . 2
g -m
2 o ‘ TS
e / E E 630 247 (EJ)’
- i
0=24 |
EEREEEEZEERRN; 3510
3 AL
”"5; ngf 630 (EJ)
e |
M, Mg 5
4 ﬁm %,@E LS |15 (VERRVES FE YRSV
> , . 7560(EJ)’
[l 1
s CE\M M é :E mlS.Mz_
i 120(ET?
- ’ |
M M
e
, / , 7560 (E1)?
I 1
q=2 31 ml’ m/’ ) ,
: + 16\M3% +M
L | ,71:1& SIMM e
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Bai 5.1: D¢ xdc duih tin s6 dao dong riér.g d¢i xing déu tién cua khung, ta 18y dang dao
dong cua khung l1a dudng dan héi phi hop véi dang uon cua khung do tai trong tinh phan
bo déu tic dung trén thanh ngang cua khang hinh 5. 1a.

Dé tim cdc biéu thic dong ning vi the nang cuc dai, ta phai xay dung biéu dé6 moémen’
uon do tai trong tinh phan bo déu trén thanh nzang. Bieu dé ciia momen udn duge tinh todn
biang phuong phap luc hoic phuong phip chuyén vi cho trén hinh 5.1b.

EEERERREEETEL

! EJ = const

f

|
.. ,45‘77 .',VJ-*'?
-

a)

Hinh 5.1
T bieu dé d6 mo men uon va bang 5.1 ta tinh dong nang va thé nang cue dai nhu sau:

Thé nang cuc dai:

2 3 k] 5,2 2
RN e A i U W ) B
ACOEl 36 3618 IX,J 3E] {36 ) EI

(L,/ZJ“’I i/i(z_qu]z 7 Q'

J Mz‘l)_ (IX - qbls

EJ 12065 | 18] BJ 24" 18 JE] 3240 EJ
Vay:
| " Y 5 2,2 2,2
R L R A A i
' 20 {30 ) EI 3240 EI 2270 EJ
Pong ning cuc dai khi o =1.
= LT - P2
K, .= 5 J_Z y[\( m X de+ | X de :
m/- lr [ c/l\: qu 21 qu q/: 18 mq219
j mXiCdX——*—~~~~-—T j{i—v] +{% - =31 : = : ;
i TS60(EDT| (136 b8 36 I8 7560 (EJ)”
L
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mel = 31 m/’ 'qz N m/’ _63q2/4+ 17m/’ '[_2‘£]'ﬂ_
D

630 (EJ)*? 24° 7560(EJ)*  18%  840(EJ)) 18 | 24
_mgqg’/’? 30, b 17 )_ 19 mq?l’
(EN? 1630.24% 120.18° 840 9.24 ) 210 (72 EJ)’

— _1[2.18 qulg+ 19 mq°/’ } I 23 mq’/’
max —2

7560 (EI)> 210 (72EJ)* | 2 210 (72 EJ)

Tan s6 dao dong riéng ctia hé duoc xic dinh theo cong thic (5.1):

m =

b =

Uuw | 1 9?7 23 mq*® 1324 |EJ
270 E] 210 (72 EJ)? > Vm

maXx
Gia tri chinh xac cta tan s6 dao dong riéng trong truong hop nay:

12,65 (EJ

/* m

o=

O day c6 sai 6 14 4,6%. Phuong phdp nang lugng cho gid tri tin s6 dao dong riéng I6n
hon tan s6 thuc.

Bai 5.2: Xic dinh tan s6 dao dong riéng doi ximg cua khung phit hop vdéi tic dung clia

tai trong dong:
2
1265 / l_,65 2.10° - 140,57
1,25

Chu ky dao dong riéng cta khung:

2
T:"—n_ 6.28 —— =0,0447 (s)
o) 140,5
T}'/s()’g: 9. 03 =112 >0,371
T T ()()447

Hé $6 dong: (cé thé tra bang hoac tinh theo cong thiic).

K,=21- arclgo_)()]: 5[ 1,5669 - 1955
wb 70,25

Tai trong tinh tuong duong:
Qu =Yy, - Ky =50. 1,955 = 98,7 kN/m

Biéu dé momen uon do tii trong tinh twong duong tdc dung trén thanh ngang gay ra cho
trén hinh 5.2.
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440 i 195,6 (KN/m)

REa
&)
:J{]Tm&

Hinh 5.2

Bai 5.3: Dé tim tan s6 dao dong riéng d6i xing cla khung, trudc hét ta phai vé biéu dé
momen uén do tai trong tinh phan bo déu trén thanh ngang gav ra, sau d6 sé x4c dinh cac
biéu thic dong nang va thé nang cuc dai v tinh tan s6. Biéu 46 mémen uén do tai trong
tinh phan bé déu tic dung trén thanh ngang cho trén hinh 5.3.

TEEREREREE

A

J N

Hinh 5.3

Tinh céc tich phan trong biéu thic dong nang va thé ning cuc dai.

2 2
Um':x = l 2 J. . M__'AC dx + L ———MCD dx |,
) 2 AC EJ b EJ

2 2\’ 2,5 2,5
2JMACdx:2[q/] | 5 ql” g7l

3] 1200 EJ 600 EJ

5

WJ" IPC P

K
N A B
EJ 120 E) EI| 20

EJ 24 20

q [ 1 ! g’
= — + - = .
EJ 120 400 120] 400 EJ
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-

o l ) ) ]
Ko = 5 [2L(_ m X dx + Lu m X¢y, dx -
. N /? /?
2 | om Xy dx=2 - AL I6‘ 40
A« | 7560(E])’ 20 |
v 2,4
L my e~ 32 ~mgq”/
TR 7560 400 T 7560 400 (EIY’
31w ’ / 7 I
Jm X(‘l) dx = m : .ﬂ_; Lo bﬁ_[ . 17 m |2 q_/»
630 (EJ)' 24" 7560 (El)° 300 840 (EJ)? 20)
_ml’ 3 ! 17 |
(EJ)) | 630.576 120400 &40 74()J
Cuéi cung:
g% (1 T BRI b
max = q { -t - J = L : U,()()416666
2 (Enle00 400/ 2
e I om/’ 3] 1 17 32
-1 N S LA L A f
"2 (ED? [630.576 120,400 840.240 756().4()()J
9.,
=1 om0032518
2 (ED”
Tén s6 dao dong riéng doi xing cua khung;:
Up _ | [E] 000416666 11,32 [EJ
W= (= = — —
K s 2 Vm 0 000032518 IE m
Bai 5.4: Dap so:
Biéu d6 momen uén dong cua khung cho trén hinh 5.4.
175,59—})\ /“ 17,5,59
\,, ‘ T L] : (kN/m:

Hinh 54
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Bai 5.5: bip ~6:

1035 |E)
R

/" i m

)y =

Bai 5.6: Cic thanh cua Khung duge danh <& theo rinh v cho trén hinh 3.5a0 trong do.
thanh thu nhat duge chon Iy tharnh ngang ting trén. o dé co tai trong phan bo tic dung. Dé
xac dinh tan 50 dao dong reng doi xdang ddu tién cua hé. can phai xay dung biéu dé mo
men uon do tic dung cua tar tror.g tinh phan bo déu tren thanh ngang. Biéu do nay duoc vé
trén hinh 5.5b. vé voi g = |

- Xace dinh momen gquy doi tar ciae dau thanh theo cong thie (5.8)

v M, ”l 91 - . 9|
M Al = —»5 S - R l\lﬂ - M N - —
/| 16 1600 1600
\ S M 0l
M z ’ MH' = —9: = - .
' /< S| 16()
REERRERRAREE N \ /m .
- \ 1
(3; @/ \\ \.../ 7/
Y
By 1A B |6 _:13“*;* :#01
] L ! 1
Ay @ A “-7\{)‘1?
6/ G B )
M ]
JB 8 . ‘
¥~M"I) [ "g 1\“\‘11 II"‘{
M a) s Sccad i Ty

Hinh 5.5

- M 091 91
M =M, = "%j’: Th T E
I 3 900
— - Mo, 028 7
My =My, = ,B'” Ty ST
Iy 3 225
: 018 I - _
M. =M, = - - - M
\ \t 32 50

- Tinh thé nang quy doi cua hé theo cong thue (5.6):

, IR T ET L 9] S99l 91
U - -*4()1| : +; N . o 22 22N 62507
| 1600 600 | 1600 1600 1600~ 1600 '

L
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2
U, = 40[—-'_) .3 =0,0047
160
91

R EOREN

U, =U, =0332.
2
Uy =Uj, =40 [—) =0,016
' 50

7 2
225

7
225

91
900

J

}=0,332

- Tinh dong nang quy doi clia cac thanh theo cong thic (5.7):

2
K' =1,025+254 Y 303841002 2L 2201974
1600 1600

K, =254 | ——
160

K, =K, =254

K, =K, =254

2

- 3,938 =0,0039

i 2
(2‘_) -1,938(
900

—

91
900

7
225

7
225

)5 o

!

M} =0,01016
50

- Tinh hé s6 dac trung tan s6 theo cong thic (5.5):

- Cac thanh cua hé ¢cé m, = m = const, EJ, = const, do dé:

5 5
U + U +2Uj, [F] +2Uf{-?—)
| 1

K =10 5 -
K| + K} +2K} (/—] +2Kg(7]
| |
3 5 3 5
02507 +0,0047 + 2.0.322 (Z] +2.0016 . [4]
=10 g . = 13,7
0,1974+0,0039+2(ﬂ .0,1294+2[Z] 001016

- X4c dinh tan s6 dao dong riéng cua hé theo cong thic (5.4):

3
ab’

E. -
(1):5 21_:1(_ 12 :Kb /E.g =8451<—}—)-(s_')
112 m, Ilz y.al?. 112 12.y ll3
g
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5 _
=845 27013 _ags (1]
4’ s,
- Chu ky dao dong riéng ctua khung:
2) )
o268
o 1085

= 0,058 (s)
Bai 5.7: Tan s6 dao dong riéng va chu ky dao dong riéng (bai 5.6):

o = 108,5 (l] ; T=0,058 (s)

S

- Xie dinh he <o dong

U

Ty so —-
y T
0 0.1
e = | 725 U371 dodo

I 008%

ko= ot et o[y arlluss o))
: m () ‘a 108.5 0.1 J

K\! ol |7.2(7

- Tinh tar rong tinh tweong duong:

G = Ky g = 1.726 200 = 3452 kNan

- Xéc dinh tai trong tinh toin cho mét buée khung:

Qy =Gy - 2= 3452 . 1,6" = 552,32 . kN/m
- Biéu d6 noi luc dong clia hé:

Bi¢u d6 momen udn dong dugc xay dung trén co s& biéu dé momen udn do tai trong
phan bd tdc dung tinh trén thanh ngang bang don vi da c¢6 & bar 5.6 khi xac dinh tin s6 dao
dong riéng cha khung.

(N‘[P)d = (M—| )'qu
Bidu d6 (M,)" cho trén hinh 5.6b. Biéu dé luc cit 16n nhét duge xédc dinh tir biéu dé (M)
bang cich xét can bang timg thanh ctia khung.

Bic¢u d6 luc doc 16n nhit duge xédc dinh tir biéu do6 luc cdt 16n nhat bang cdch xét can
bang tai cdc diém gdéc cla khung, cdc bieu do luc cit va luc doc 1én nhat cho trén hinh
5.0¢. d.
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Bai 5.8: Biéu dé momen uén do tai trong phan bo déu q tic dung tinh trén thanh ngang
cho trén hinh 5.7.

- Tan s6 dao dong rieng doi xing cua khung:
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Bai 5.9: Dap so:

Biéu do m6 men uon dong cho trén hinh 5.8.

Bai 5.10: Dé tinh theo phuong phip gan ding 1a phuong phdp thay thé khéi luong, ta dua
khoi lugng phan b cha hé vé tap trung tai cac diém dau va gitra cdc doan thanh (hinh 5.9a).
Vi tat c4 cdc nit va cic g6 cia khung khong cé chuyén vi thang theo phuong ding va
phuong ngang nén ta khong xét dén cic khoi luong tap trung tai dé (hinh 5.9b). Hé da cho
c6 tinh chat doi ximg, vi vay véi dao dong doi xiing hé co ba bac tu do.

Pé xdc dinh cdc tan s6 dao dong riéng cua hé, cin phai xdy dung cdc biéu do trang thai
don vi do cdc luc don vi dat tai cdc khoi luong tuong tng véi cdc bac tu do cha hé (hinh
5.9c,d,e).

Chuyén vi don vi dugc tinh theo phép nhin biéu dé Vérésaghin:

6km = (v—l\) (v ) = (mﬁ) (ﬁn)

m

Céc biéu do trang thii don vi trong hé coban (inh dinh (M}, ) dé dang duoc xay dung, &

day chi dua ra két qua tinh céc chuyén vi don vi.

EJ &, =18%; E) §,, = 563
EJ 5, =30: E) &, =-LI3=EJ3,,
E.] 6;3 = I:JJ 6“] = “0.75; EJ 621 = EJ 8}3 = 1,13
N M2 M, M2
8017 & *——e—
»TMJE s /7&/77

1,125

0,25

Hinh 5.9
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Vay ma tran mém s€ la:
| 188 —-113 -0,75
[Fle—|-113 563 113
EJ
-0,75 L13 30

Ma tran khéi luong:

M, 0 0 I 0 0
M=l o M, o |=2o 05 o
0 0 M, 0 0 05

Phuong trinh tan sé:
[F][M]- L [E]| =0 st 1a:
=
(1,88 —u) -0,565 -0,375

-1L13  (2815-u) 0,565 | =0,
-0,75 0,565 (LS—u)

2E]

mi o’

Voi: u=

Sau khi khai trién dinh thiic va giai phuong trinh, ta nhan duoc:

u,=355;u,=1,5 uy=1,14

2EJ EJ
(Di = =
m/u, Ju;m

Tan s6 dao dong riéng:

®, 0,306
{o}=Jw,} =10471 B
o, losar] T

Bai 5.11: H¢ da cho 1a hé doi xing. So do6 nua hé khi dao dong déi xing cho trén hinh
5.10a, so dé nita hé khi dao dong phan ddéi xing cho trén hinh 5.10b. Nhu vay hé ¢é 5 bac
tu do, bao gém hai bac tu do khi dao dong doi xing va ba bac tu do khi dao dong phan
doi xung.

De tinh céc tin s6 dao dong riéng thit nhét va thit hai (ing véi céc tan s6 dao dong rieng
thdp nhat chia dao dong phan déi xing va dao dong déi xung), ta cdn xay dung cic bicu dé
trang thai don vi do cic luc P = | dat vao cac khoi lugng pht hop véi bac tr do ciia hé. Cic
biéu dé don vi nay duoc cho trén hinh 5.10c, d.
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Véi dao dong dor xing, ta ¢o:

5/} ) 473 i 3/?
=TT 0 = 10, =0, =
192 EJ -1 192 EJ

V&1 hé hai bac tu do, sau khi giai phuong trinh tan s6. ta nhan dugc:

!

B

208, 65 =01 IMM,

o), = (M, 8, +M.8,,) %

+ /(—Mldl1 FM,8,,)T —4M M, 8. &, —8,,)7]

Tan s6 thap nhdt cua dao dong doi xing sé dugc tinh ¢ cong thirc trén véi dau (-):

A
14 ™ =
_{ "—FCHCE ——f-*—\%E _ﬂN - :E E
12| ' —
" ¢ i Y 114 N—] -
- M,
" ®)
e al o b) AL, ¢ c)
lP:1
i {H ;
b= — "8
B AL
Q g
d) %J,j;,, d)
Hinh 5.10
= - ]r<2.5+1.4)—\/(2_5+1.4)3—4.2.1(5.4—32)] 192 £
2(5.4-3%).2.1L :
Suy ra:

—

EJ

=
Vi

Vi dao dong phan déi ximg, ta s& dp dung cong thae cua S.A. Berstein dé tinh tan s6
dao dong rieng thap nhat:

oW = 3,9'7
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2
0, =

trong doé:

,Bz=ZM?-65+ZZMa Mg 5i21<
i-1

LK

Tir cdc bi€u dé don vi trén hinh 5.10d, ta sé& tinh duoc:

6_13. s P
"U384E1T % 24EIC P 2E)
5 -5 - 1 s _s _ I o s _ S
T o8 E;T P T e BT P 2T 6 ES
Cac hé s6 B, va By:
P 4661

B, =(M,8,, +My8,, + M38,,) = (2.1+1.80+2.192) -

384 E] 384EJ
B, = (M|2812| + M% 6%2 +M35§3)+2(M1M25122 + M|M35123 + M2M35§3) =

[6
(384EJ])

= (2212 412807 + 221922 )+ (2.1.32 + 2267 +1.2.120 ). 2]

6 6
153860 + 2(289625] - — = 211784/

(384EJ)?  (384EJ))*

Thay cdc gid tri B, va B, vao cong thic xéc dinh o, ta c6:

o} :% l:0,8344 %J-+O,8348 %}

Hai gid tri B, va B, gan nhu nhau, nén két qua dugc xem la chinh xic.

Tan s6 dao dong riéng thip nhat cua dao dong phan doi ximg:

o =0.91356 f—/ETj

198



Bai 5.12: Dép so:

©, =03756 ,/Ei
m
0, =0,52 ,(2
m

- Biéu d6 mo6 men uén do tic dung cua tai trong tinh doi ximg cho trén hinh 5.11.

Bai 5.13: Ddp so:

- Tén s6 dao dong riéng doi xing cua Khung xac dinh theo phuong phap nang luong:

14,597 [(EJ
W = .
/° m

EEEEREEEREEEY

4

= 12 W%
s

Q/°
36

()

=W /fﬂﬂmml

v

1R B I L B O B B D R R
Hinh 5.11
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Chuong 6
DAO PONG CUA VOM

Tinh todn dong luc hoc cic két cau cong trinh dang vom va vanh tron c6 trinh tu tuong tu
nhu tinh todn dong luc hoc két ciu khung. Trudc hét 1a phai giai bai toan xac dinh tan s6 co
ban ctia dao dong riéng, tirc la xem két cdu vom dao dong nhu hé mot bac tu do, sau dé la
x4c dinh tai trong tinh tuong duong va cudi cling 12 viéc xdc dinh noi luc va chuyén vi dong
cua hé. Phuong phap tinh gin ding dao dong ciia vom chiu tic dung coa tai trong dong
dugc dp dung thong qua cdc bang tra cdc hé s6 xac dinh tan s6 co ban cua dao dong riéng.
Du6i day sé 1an luot dua ra cac cong thiic, cdc hé s6, cic bang biéu dé tinh tan s6 dao déng
riéng thip nhit cua cac dang dao dong doi xing va dao dong phan déi xiing cua cac loai két
clu vom. K&t cdu vom thudng gap trong thuc t&€ bao gom:

- Ké&t cdu vom tron (bao gém ca vanh tron).

- Két cdu vom dang parabol.

Tuy theo tinh chat cdu tao hinh hoc clia cdc loai vom, ta s& cé cic biéu thirc tan s6 dao
dong riéng khic nhau.

1. Vom tron ba khop

- Biéu thitc gin ding xdc dinh tdn s6 dao dong riéng thdp nhat ung véi dang dao dong
uén déi xing ctha vom tron ba khép (hinh 6.1). C6 dang:

k B (6.1)

R Vm
trong do:
R - ban kinh cua vom;

k - hé sé phu thuoc vao gdc mo ciia vom:

K = (0,5b" + 1,3Sb'+1) (1-PB*)° 6.2)

1472b2+834b+54-§;(a705b2+1ﬁ79b+1)

véi: p=—— ; o nita géc m& ctia vom.
20,
2 A2
b=4——LJ1?-, H:bL:%?
3(1-987) 1-4p

Céac gia tri clia hé s6 k theo cdc géc md clia vom duoc cho trong bang (6.1)
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o 15 30 45 60" 75° 90°

K 2154 52,98 22,92 12,43 7,592 4,987
o 105° 120 135° 150° 165° 180°
Tk 3.437 2448 1,785 1.327 0,9934 0,7506

Hinh 6.2

Hinh 6.1

Bieu thic gan ding xic dinh tan s6 dao dong riéng thap rhit dng voi dang dao dong uén
phan doi ximg cta vom tron ba khép hinh 6.2 ¢6 dang:

m = iZZH)—;—:u:“? . *:2—? : J?ﬂ (6.3)
o N (aR)T m
1+3 ¢
27,

trong do: o - géc mo cua vom.
V&i vom nira tru tron {img véi o = 1, la ¢6:

227 [Ef
m=

TR \Vm

Biéu thitc gan ding xic dinh tan s6 dao dong riéng co ban ing vé6i dang dao dong hudng
tam cua vom tron ba khdp hinh 6.3 ¢6 dang:

— (6.4)

m =

L fll+mTE
RV «
trong do:

F ladién tich #2570 Lo ag 22 cta vom,
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Hinh 6.7 Hinh 6.8

~

~

Hinh 6.9 Hinh 6.10

2. Yom tron hai khop

Biéu thitc tan s6 dao dong riéng thdp nhat img véi dao dong uén doéi xing hinh 6.4 1a:

o= 912 ~ o 1 EJ
) «? a’R? ¥m
140,165~
T

(6.5)
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Bi€u thifc t4n s6 dao dong riéng thap nhat timg véi dao dong uon phan déi ximg hinh 6.5 Ia:

22
o = 4n° -« _ 7l : fEJ_ (6.6)
| 2 g”R- Vm

3 «a
1+ - —
4 -
Bi€u thic tdn so dao dong rieng ung véi dang dao dong huéng tam ctia vom tron hai
khdp duge xac dinh bang biéu thiic nhu tinh doi véi vom tron ba khdp (cong thic 6.4).

3. Vom tron khong khop
Biéu thitc tdn s6 dao dong riéng thap nhét ing véi dang dao dong udn déi ximg hinh 6.6:

m_\/14620—|97,8a3+a4 1 EJ

- — 6.7
1+001227 o* a’R? m (6.7)

Biéu thic tdn sé dao dong riéng thap nhat (mg vé6i dang dao dong udn phan d6i xing
hinh 6.7.

3803-921 ¢ - 1 [E]
O T ey (6.8)
[+0.0605 o G R2 m

4. Vanh tron

Bi€u thic tin s6 dao dong riéng ing vé1 dao ddng hudng tam hinh 6.8:
1 F;F
w=—= ,[-= (6.9)
R Vi
Biéu thiic tin s6 dao dong riéng ng véi céc dao dong udn
L2
-1 I
0):1_(1 ?)‘1_7 B (6.10)
Vit+1 R ¥m
(1=2,3,..0

Téan s6 dao dong riéng thip nhat ing vai dang udén hinh (6.9) khi i = 2; V§i i =1 thi vanh
tron duge xem 1a két cdu cing, chuyén dich cua vanh tron cho trén hinh 6.10.

5. Yom parabol 3 khép

Tan s6 dao dong riéng thip nhat cia vom parabol ba khép khi dao dong d6i xing va
phin d6i xing duoc xic dinh theo cong thic:

k 'EJ
0)-_—/—2—.\; (611)

trong dé: / - nhip cua vom;

. f .
k - hé so6 phu thudc vao ty s6 —. vdi f la chiéu cao cua vom.
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H¢ s6 k doi vai dao dong d6i xing duge tra trong bang 6.2. Hé s6 k d6i véi dao dong
phan d6i xing duoc tra trong bang 6.3.

Bang 6.2
f/l 0,1 0,2 0,3 04 0,5 :l
k 48,58 43,54 36,82 29,98 23,96-__J
Bang 6.3
f/l 0,1 0,2 0,3 0,4 0,5
k 36,72 28,6 22,51 17,52 13,12

6. Vom parabol 2 khép

Tan s6 dao dong riéng thap nhit cia vom parabol hai khdp khi dao dong déi ximg va
phan doi ximg ciing dugc xdc dinh theo cong thitc (6.11); trong d6 hé s6 k d6i véi dao dong
doi xing duge cho trong bang 6.4; khi dao dong phan déi xing, hé s6 k duge 1dy nhu dai

vai dao dong phan doi xing clia vom parabol ba khaop & bang 6.3.

Bang 6.4

f/

0,1

0,2

0,3

0,4

0,5

k

82,84

77,26

59,25

47,14

37.23

Bai 6.1: «) Xic dinh tdn s6 dao déng riéng ciia hé:

Nita géc mé clia vom o, = 90°, ta tra bang dugc hé s6 k = 4,987.

Tén s6 dao dong riéng d6i xing thap nhat duoc tinh theo cong thirc (6.1).

k [EJ 5 /85.000 1
o=— — = - 31,6 e
RZVm 48° 4 S

b) Xdc dinh tai trong tinh twong dicony

Chu ky dao dong riéng doi xitng ctia vom:

T:%E:@:()Jgg_(s)
w 316
. 0
Tinh ty s6 —:
Y T
—6—: 0.14 =0,7>0,371
T 0,199

Véi quy luat thay doi tai trong dong theo thoi gian da cho, ta tinh hé s6 dong theo

cong thic:
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. N - o N
k=2l cteod _z[l_dfctg3l,6.(),l4
31,6.0,14

S

k,= 1,39
Tai trong tinh twong duong trén mot don vi dién tich:
Uy = 4y - kg =100 1,39 = 139 . kN/m’
Tai trong tinh toan trén mot don vi dai:
4y =Yy -b=139 .1 =139 kN/m
o) Xay ding cdc bién dé noi hie dong (momen uon, liic cdt, lice doc) trong vom:
Tir tai trong tinh tuong duong trén mot don vi dai, ta s€ xdc dinh cac phan luc tua & hai
chan vom ba khép:
R, =Ry= _:— q, -/ =6067,2 kN

R
Ho=H, =%

-=3336 . kN

T cdc gid tri cua phan luc va tai trong tinh tuong duong ta s&€ tinh duge noi luc trong
vom. K&t qua tinh todn d6i véi niia voiti b&i trdi cho 3 hang 6 5. Cic bicu do noi luc dong
16n nhat cho trén hinh 6.11.

Bang 6.5

Tist dien WI(EI(E .| Momenuon Luc cat Luc doc

: . v (kN.m) (kN) (kN)
0 000 | 000 | 000 1334,0 -667,0

1 0,48 2.00 1363,0 38, 687,

2 0,96 280 3570 53, 627,

3 1,44 3.39 314, 99, 565,

4 192 379 239, 120, 507,

5 240 4w 163, 122, 456,

6 288 43 96, 112, 413,

7 3.36 | 449 41, 91, -378,

8 3.84 465 14, 63, 354,

9 432 | 476 34, 1339,

10 4,80 1.80 0.0 0, 334,
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BT T 2

89
%'\

363 363
| d
Hinh 6.11 @
3%
d
Aﬂlmz?':ﬂﬂllln.. N
W

U @

334

oo 667

Bai 6.2: u) Xdic dinh tan s6 dao dényg riéng ciia hé
Hé chiu tai trong dong phan bo phan déi xting, do dé tin s6 dao dong riéng thap nhat ing
véi dao dong phan déi xding duoc tinh theo cong thic (6.3), véi a = 1807, ta co:

227 (E] 227  [85000
R Vm 48’ 4
»=14,36. [l)

S

b) Xae dinh tdi trong tinh ticong dirong

o=

Chu ky dao dong riéng phan doi1 xdng cua vom:

9
ST OB 6437 (s)
o 1436
.9
Tinh ty s6 —:
70T
O _ 014 3037
T 0437
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V&i quy luit thay doi tai trong theo thoi gian cho trén hinh 6 2b phan I, ta tinh hé s6

dong theo cong thuc:
\/'l 7\*1)@8 2(l-cos wB)

5 .0
n0°

IT 25in14.36. 014 2(1 -cos14.36 . 0.14)
\/ 14,36 . 0,14 14.367 0,14°

ky=09.
Tai trong tinh tuong duong trén mét dor: vi dién tich:
G =My - Ky = 100.0,9 =90 . KN/
Tai trong tinh tuong duong trén mot dor: vi dai (tai trong tinh toan):
Qu =Yg -b=9%0 .1 =90.kN/m

¢} Xy diny cdc biéu dé ngi e déng: (mémen udn, luc cit. luc doc) trong vom do tai
trong tinh twong duong trén mot don vi dax gay ra:

Phan luc tua tai chan vom:

V, = (q,.R)- (90.4.8) = 216 kN

1D | =
l\)l—

Vy=-V,=-21AkN
H,=H,=0.
Tu cac phan lue tua va tai trong tinh tuong duong ta ¢ tinh dvoc cde néi luc trong vom.
K&t qua tinh todn cdc gid tri mo men won. huc cit luc doc déi véi nira vom bén trai cho &
bang 6.6. Cic bi¢u dé noi lue dong 16n nhat cho trén hinh 6.12.

Bang 6.6
Tiét dién Tondofm Mo men ubn |\ 4 (kN) | Lue doc (kN)
X y (kN.m)

0 0 0 0 0 216
1 0.48 2,0 933 75,3 -155,5
2 0,96 28 165.9 778 -103,7
3 .44 | 3.39 2177 61,7 -60,5
4 1.92 ‘ 3.79 248.8 | 34.6 -25.9
5 2,40 409 1 2590 0 0

6 2 88 432 I FT R 396 17,3
7 3.36 4.49 2077 824 25,9
8 3.84 4.65 ' 1659 ,. 127, 259
9 432 4.76 933 O T19 17,3
10 | 48 4.8 0 | 216 0
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REREER!
I I I O

216

Hinh 6.12
Bai 6.3: Dap sé:
0 =66,4S.(S")
Bai 6.4: Dap so:
Cho trén hinh 6.13

IR 2 20 2

77

145°
450 | 4%

Hinh 6.13

(o=154-(-1—J
S

Bai 6.5: Dap s6:

208



Bai 6.6: Dip so:
Cho trén hinh 6.14.

REEREEREERRR "

104(kN.m)

SESESESEEEEE Y

Hinh 6.14

Bai 6.7: Dap so:

H =481 kN
Bai 6.8: Dép so:

V, =V, =845KkN

H = 469 kN

M. =295 kN.m
Bai 6.9: Dip so:

V,=Vy=510kN

H, = Hy =255kN
Bai 6.10: bap so:

V, =V, =6037kN

H, =H;=310,85kN
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Chuong 7
DAO PONG CUA DAN

Khi tinh todn dao dong ctia hé dan, néu ké dén su phan bé clia khéi luong trén cdc thanh
dan, thi hé dan sé la hé c6 vo han bac tu do. Viéc xdc dinh chinh x4c cic tian s6 dao dong
rieng ctia dan ké dén anh hudng do citng ctia cac mét dan va viéc tinh dao dong cudng bitc
cta dan la mot bai toan dong hoc cuc ky phic tap.

Viéc tinh todn dong luc hoc két cau dan trong thuc t€ thudng duge giai quyét bang cac
phuong phip gin ding. Viéc tinh todn dugc goi 1a "chinh xac" khi so dé tinh két cau dan
dugc don gian héa vai gia thiét sau: Khéi lugng phan bé ctia cdc thanh dan duoc tap trung
vé cdc mit dan, cdc mat dan duge xem 1a cdc khdp 1y tuong. Nhu vay s6 bac tu do ctia hé sé
giam xudng va hé dan sé trd thanh hé hitu han bac tu do. Béi véi cac dan don gian, trong
thuc (€ tinh todn con cé thé bo qua céc chuyén vi ngang cla cdc mit dan.Véi sa do khéi
lugng da duge don gidn héa nhu vay, ta cé thé 4p dung céc cong thic tinh todn & chuong 2
(dao déng clia hé hitu han bac tu do) dé xdc dinh tin s6 va dang dao dong riéng cling nhu
xéc dinh noi luc dong va chuyén vi dong clia hé dan.

D6i v6i bai toan dao dong riéng cia hé dan, dé xdc dinh tin s6 dao dong riéng co ban ¢é
thé dp dung nhiéu cdc phuong phap gin ding khac nhau, moét trong nhirg phuong phép
thuong dung la phuong phap nang luong va phuong phap dam tuong duong.

Cong thirc xac dinh tdn s6 dao dong riéng co ban cua phuong phap nang luong khi bo
qua chuyén vi ngang cla cic mat dan duogc viét nhu sau:

2 Mygy,
o=l (7.1)
> M, Yi
k=1
trong dé: g 12 gia t6c trong truong;
M, la khéi lugng tap trung cia dan tai mat k;

y, 12 chuyén vi tai mat k do trong lugng céc khoi lugng cla dan gay ra:

Véi:
N. 1 néi luc trong thanh thit i ctia dan do luc don vi P = | dat tai mét k gay ra;

N, 1a noi lyc do cac thanh dan do trong luong céc khéi luong cua dan gay ra.
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I, E, F, 1an luot 13 chiéu dai, médun dian héi, dién tich mat cat ngang cla thanh thit i
trong dan.

Phuong phidp dam tuong duong dé xdc dinh tdn s6 dao dong riéng co ban cla dan dugc
xem Xét trén co s¢ thay hé dan bing dam dic, va coi hai hé nay c6 d§ vong tuong duong thi
tan s6 dao dong riéng cla ching cling tuong duong. T diéu kién do véng cia diém dac
irung cua hai hé bing nhau, sé xdc dinh duge do cimg cia dam tuong duong, va tir d6 sé
tinh dugc tan s¢ dao dong riéng co ban cua dam tuong duong, dé chinh la tan s6 dao dong
riéng cu ban cua dan.

Cong thie x:2 dinh 1an s6 dao dong rniéng co ban cia dan theo phuong phap nay la:

, (7.3)

trong do: k 12 ke 6 phu thudc loai din;
k = 1,13 vdi dan dam don gian;
k = 1,21 voi dan dam cong xo:,
A, la chuyén v, i diém dac tnmg de trong ivong ban than cac khai luong cla dan
gay ra.

m NN 1
Aot NNl (7.4)

s

b= 2F

Voi:

N, [anoi luc roig thanh thi -~ v oo lue dor vi P = 1 dat tai diém dic trung gay ra.
N, 12 ndi luc trong ~dc thanh dan do trong lugng ban than cdc khéi luong ctia dan gy ra.
Bai 7.1: Hé din di cho c6 tinh chat d6i xiing, dé don gian viéc tinh todn tin s6 va dang

dao dong riéng déi xing, ta st durg cach tinh chuyén vi kép. Phi hop véi cich tinh nay ta

c6 ma tran khoi luong nhu sau:
r
. m 0 1 0
I. ] 0 2 0O -—
2 2
PE xac dinh cdc phan tir cia ma tran mém, ta tao cdc trang thdi luc don vi nhu trén hinh
7.1 a, b; Cdc chuyén vi don vi duoc tinh theo cong thic:
A N N/ N, N, !
By =y o By = —
EF EF
Cac gid tri noi luc trong céc thanh tng v6i cdc trang thai luc va cdc tich tuong Ung cua
chiing véi chiéu dai cho trong bang 7.1.

Céc cot 5, 6, 7 cua bang 7.1 ¢6 céc gia tri da duoe chia cho 2 img v hang thi 5 (thanh 7 - 8)

211



Tir s6 liéu cua bang 7.1, ta tinh dugc:

Vay, ma tran mém s€ nhan duoc:

m{

: 26,375) =
: 52,75) =

-33,125) =

¥ 612}:__

02

EF

52,75

105,5

66,25

52,75 66,25
66,25 1055

Hinh 7.1
Bang 7.1
Thanh / N, N, N2,/ N3 ./ N, N,./
-2 6 0,375 0,750 0,844 3,375 1,688
2-3 6 1,125 1,500 7,594 13,500 10,125
6-7 6 -0,750 -1,500 3,375 13,500 6,750
7-8 3 -1,500 -1,500 6,750 6,750 6,750
-6 5 -0,625 1,250 1,953 7,813 3,906
2-6 5 0,625 1,250 1,953 7,813 3,906
2-7 5 -0,625 0 1,953 0 0
3-7 5 0,625 0 1,953 0 0
$=62375 | ¥=5275 | ¥=33.125
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Phuong trinh tan s6

[F] [M]—m—l2 [E]' =0 sl

M [(52,75—-u) 33,125
EF 66,25 (52,725 - u)

trong do:
EF
u= ;
Mo
Sau khi khai trién dinh thitc trén va giai phuong trinh bac hai déi véi u, ta nhan dugc
nghiém:

u, = 99,58,
u, =5,92.
Phu hop véi cdc gia tri u,, u, ta cé véc to tin s6 dao dong riéng doi xing:

ol ={2'}= % {o,z?}los}

Pé xdc dinh cdc dang dao déng riéng, ta sir dung cong thiic:

{(p?‘}:"[BH]“l {Bl}
. 6625
YT TS 725,

(p:‘:»\/i , (p;:——\/_z.

Vay dang dao dong riéng d6i xiing cua dan la:

[q>]=[{<p.}a{wz}]=“§ —«1/5}

Hai dang dao dong riéng nay théa man diéu kién truc giao:

b b= 15 O e

Bai 7.2: D¢ xic dinh noi luc dong trong cic thanh cua dan, ta dp dung phuong phap khai
trién tai trong theo céic dang dao dong riéng.
Tai trong khai trién theo dang chinh tha nhat va thit hai 14n luot la:

, thay u,, u, ta dugc:

(O day lay két qua tan s6 va dang dao dong riéng & bai 7.1).

()= b ' o} Mo, 1- Y 20{:} ‘M[l oHi}z{za,mz‘
l o1 Mo} | f \/E}M[(l) 1?2} {\/15} 0 172|142 17,07}
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i -v2)20 {:}

{1 _ﬁ}M[l OH | }ML]) 1?2} {-\1/5}2{_:)1342}

{P2}=
0 1/2] -2

Vay ma tran tai trong khai trién theo cic dang dao dong riéng la:

' 24,142 -4142
P i=1iP¢, 1P>¢]= . (kN
LRI B o KOS

Luc dan hoi dugce xéc dinh theo cong thic:
{Pd(t)} = [th] . {Ki (1)}
trong dé: Céc phan tlr chia véc to hé s6 dong hoc theo thoi gian tng véi tai trong di¢u hoa la:

sin rt
ki(1)=

k,(t)=1,3333sinrt ; Kk, (t)=1,01506 sin rt.

24,142 -4142 1,3333 | . 27984\
{Pd(t)}: sin rt = sin rt

17,07 293 1,01506 25,733

Vay:

Gid tri cac luc dan hoi 16n nhit tic dung hé cho trén hinh 7.2.

P,d P,d = 27,984 P,d = 25,723(kN)

Hinh 7.2

Gid tri 16n nhat chia luc dan héi c¢6 thé tim dugc bang t8ng chia bién doé luc quin tinh va
bién do tai trong ngoai, trong dé cac bién do luc quan tinh dugc xdc dinh tir hé phuong
trinh (2.52).

Gi4 tri noi luc dong trong cédc thanh clia dan duge tinh theo cdc gid tri bién do cua luc
dan hoi:

N= NI Pa+ Nz Py
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trong do:
N,. N, tanoi luc trong dan do P, = 1, P, = 1, gay ra, chiing dugc ldy tir cdc gid tri cho
trong bang 7.1. K&t qua xidc dinh noi hre dong cua dan cho trong bang 7.2.

Bang 7.2

Thanh I-2 2-3 6-7 7-8 1-6 2-6 2-7 3-7
N (kN) 29,76 70,01 -59,53 - 80,49 | -49.61 49,61 - 17,47 17,47

Bai 7.3: Dan da cho c6 tinh chit d6i xdng, xung tiac dung lén dan ciing d6i xung, vi vay
dé don gian cho quad trinh tinh todn, ta tinh trén so d6 ntra nhip, hinh 7.3.

ot
37 .
M M

S S
. a | a : a
1 1 |
Hinh 7.3
Ma trin khoi luong:
10
M]=Mm
0 1

Ma tran mém:

[F]:F” 512} 1{3,259 1,763}

8, 8y | EF|1763 3,146
Phuong trinh tan s6:
‘ 1 aM [(3259—u) 1,763
F][M]-—[E
[\l [e)]

O T EF| 1763 (3146-u)

EF
V3l u= 5
aM o

Sau khi khai trién dinh thitc va giai phuong trinh, ta duge: u, =4,98; u, = 1,44,

Do dé:
o, EF (0,448
=1 L= JEE
o, aM 10,832
Cong thic xdc dinh véc to cdc dang dao dong riéng:

{‘P:}z _[Bll}] {Bl} —L763

T 3146 - u,
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o; =0972, ¢, =-1,028

Do d6 ma tran dang dao dong riéng:

[®]=[{<P|},{<Pz}]:{ l l ]

0972 -1,028

Chuyén vi cha hé dan duéi tdc dung clia xung duogc x4c dinh theo phuong phép khai trién
tai trong theo cic dang dao dong riéng.

Xung khai trién theo dang chinh thit nhat 1a:

: (1 o9}
)

0,972

Xung khai trién theo dang chinh thit hai:

s, )= 1014 ]
27700,0144

Do dé: ma tran xung khai trién theo cdc dang chinh dao dong:

1014 -0014
[S kh ] = S
0,9856 0,0144

Chuyén vi tai cdc khai luong cia dan duge xdc dinh theo cong thiic:

(Y} = MI"[5, ] K}
trong dé, cac phan tir clia véc to hé s6 anh hudng dong hoc theo thoi gian ing véi tac dung
xung la:

sin m;t

K,{)=

[OR

S [1,014 —0,014%

Va Y =2
i Yo} M | 09856 00144

a (2,263sin®,t —0,017sinw,t
MEF [2.2sint + 0,0173 5in1,857
Néu dat o,t = 1, thi: w,t =1,8571, tacé:

a (2,263 sint — 0,017 sin 1,85771)
MEF |(22sint +0,0173sin1,8571) |

{Y(n}=$
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Bai 7.4: Déap so:

1. Trudng hop tap trung cdc khai luong vao cidc mat thudc bién dudi ciia dan:

o =0,1002 ,/E—F
M

2. Trudong hop tap trung mot nira khéi lugng cla dan vao mat gitta cha dan:

o =0,0973 | fE
M
1
o =303 (—J
S

Bai 7.6: Ta sir dung cong thic (7.1) dé xdc dinh tdn s6 dao dong riéng co ban cla dan,
hinh 7.4.

Bai 7.5: Dap so:

Hinh 7.4

Chuyeén vi tai vi tri cdc kh6i luong clia dan duoc tinh theo cong thic (7.2) cho trén cot 3
cua bang (7.3). Gid tri cac s0 hang cia tir s6 va mau s6 trong cong thic (7.1) cho trén cot 4
va cOt 5 cua bang 7.3.

Mat M, Y M gy M; )’i
R ! 50. 10°. g 50. 10, g’ 2500. 107 . ¢
2 2 97,3.10°. g 195.10°. g 18874 . 10" . g°
3 ! 1103.10% . ¢ 1103.10% . ¢* 12166 . 10" . g*
4 2 973.10°. ¢ 195.10°. ¢’ 18874 . 10" . g°
5 ! 50.10° . g 50.10° . g 2500 . 10" ¢
> =590.10°. g | X=54914.10" . ¢

Tan s6 dao dong riéng co ban cta dan:

590.107° g* I
W= —— =106,4 (~J
54914.10"% ¢ S




Bai 7.7: Tan s6 dao dong riéng co ban ctia dan tinh theo phuong phap dam tuong duong
duoc xéc dinh theo cong thic (7.3). Trude hét phai xac dinh chuyén vi tai diém dac trung
(Ia diém gidta nhip cta dan) do trong luong ban than cac khdi luong cia dan gy ra. Cic gid
tri tinh toan duoc ghi trong bang 7.4.

125 25 25 l 25 12 5(kN)
i
1 2 3
5m
i
_L 4 5 ) —{—h
e ,;f
5m ! Sm 5m 5m
Hinh 7.5
Bang 7.4
_ _ |—

Thanh / F I/F N, N, NN, - s

[ -2 5 150 3333 375 ~0.500 62.50 |
2.3 5 200 2.500 - 50,0 - 1,000 125.00
4-5 5 50 10,000 0 0 0

S-6 5 100 5.000 37.5 0.500 97.75
-5 7,07 100 7.070 53.0 0,707 265,00
2.6 7.07 100 7.070 17,7 0,707 88.50
-4 5 200 2.500 - 50,0 - 0,500 62.50
2.5 5 150 3.333 -37.5 - 0,500 62,50 |

Y =759,75
3-6 5 150 3,333 2250 - 1,000 83.33
NN/ | 1602.83
A = P == (2.759,75+83,33) = ’
" Z EF E
Vay:

o C 4
o=113 | & -3 [28L2LI0T _ hg [lJ
Ap 1602,83 S
Bai 7.8: bap so: © =0,103 1’%

Bai 7.9: Ta su dung cong thic (7.3) d¢ xdc dinh tan s6 dao dong riéng co ban cha dan
theo phuong phdp dam tuong duong. Chon diém dac trung 1a vi tri gitta nhip. Chuyén vi tai
vi tri nay do trong lugng ban than cac khoi luong cta dan gay ra duoc tinh todn va ghi trong
bang 7.5; trong bang nay khong cin thiét phai ghi cdc thanh dan ¢ néi luc N, hoic N,

bang khong.

218



Tén s6 dao dong riéng co ban cta dan:
1
o=113 [ -3 [ DL _319 H
A, 1,232 S

EF

Bai 7.10: Dip s6:

w = 0,865

o= 107(1]
S

Bai 7.11: Ddp so:

(kN) 1155 3 L 35 31 L 35 31 lss 3 lss 15.5,
1 J p 5 A
38
rn 263 26,3 ¢ 26,3 26,3 ,,5,77
1 P 772 ] 7.2 | 7.2 N 7,2 N
] ™ f i 1= .
Hinh 7.6
Bang 7.5
— — 1
Thanh I/F N, N, N:N, - —
F
2.4 4,80 - 0,945 -350,0 1590
4-6 3,27 - 1,890 -525,0 3250
2.7 4,43 - 0,760 - 3430 1055
2-8 4,80 0,760 2440 889
4-8 7,20 - 0,760 -174,5 956
4-9 9,60 0,760 105,0 769
6H-9 11,52 -0,760 -35,0 311
7-8 6,00 0,473 196,0 558
8-9 3,00 1,420 4590 1976
9-10 1,50 2,370 546.,0 1945
> =13279
Trong bang 7.5 tinh véi nira dan.
NN,/ 13279
Ay= —=2- 7= 1,232cm
i EF 2,15.10

Sai 6 so vdi k€t qua cua phuong phdp nang luong da cé o bai 7.6 1a 1 %.
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Cﬁuang 8
TINH CONG TRINH CHIU TAC DUNG CUA VA CHAM

Khi cong trinh chiu tdc dung cua tai trong va cham, hé s6 dong dugc xac dinh theo cong
thirc sau:

Ky=1l+ [l+—— =1+ [l+—— (8-1)

gyT(H%] YT(“’%J

P - trong lugng cua vat va cham;

trong do:

Q - trong lugng quy ddi clia hé tai vi tri va cham;

Y - chuyén vi tinh do P tic dung tinh gay ra;

v - t8c do tai thoi diém va cham cla vat tac dung vao két cau;
h - d6 cao cua vat roi.

Toc do tai thdi diém va cham déi vai vat roi duoc tinh qua dé cao clia vit roi theo cong

thuc sau:
v=,2gh (8.2)

C6 thé biéu thi hé s6 dong qua céc gid tri khéi lugng:
2h
Ky=1+ 1+ 10 8.1y
yr M
trong d6: m - khéi luong cua vt roi;
M - 1a téng khéi luong clia vat roi va khéi luong quy déi ctia hé tai vi tri va cham.

Khi trong luong (hoac khéi lugng) quy déi clia hé rat nho so véi trong luong (khéi luong)
clia vat roi, thi biéu thitc hé s6 dong dugc viét:

2
Ky=l= [l+—— =1+ /1+2—h (8-3)
yr g Yr

Chuyén vi cuc dai cta hé do tic dung cia va cham dugc tinh qua hé s6 dong:

v Yt 1+ l+—A———-— (8.4)

2
ymasz Yr=yrt Y t—< =Y
d T T T . 1+Q T , 1+Q)
P ! P
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Khi chuyén vi tinh rdt nho so v chuyén vi cua hé do tic dung va cham (thudng dugce the
hién qua do cao clia vat roi), chuyén vi cuc dai cua h¢ duge xdc dinh don gidn nhu sau:

BT

Y = T ["h'y‘ (8.5)
g(l+Q] [il+Q
el VT

Néu trong luong quy doi cha hé tai vi tri va cham rdt nho so vai trong luong clia vt va

cham thi:
ymu,\ = V 2h ;ﬁl'” =V V XL (86)

Va tuong ung khi do6 ta co hé so dong:

b
Ky= | —=v —— (8.7)
! ¥

Yo Vogyy

Bai 8.1: Trén co sd cong thic (8.3) va biét rany:

Chuyén vi don vi tai diém roi:

. ulbj
Oy =170
REANY.
I'a ¢o:
R
! {E)
Kd:l+ ;lﬂ“()ﬂ)!j
\/ Pa b

Bai 8.2: Doi véi dam don gidn hai g6i tua khép, ta ¢6 chuyén vi tinh tai gifta nhip:

_ P/
48 EJ

Y

Do dd, hé so dong tinh theo (8.3) sé la:

K=+ |14 0B V7
P/ g
bai véi dam hai dau ngam:
P
T 92k
[ o2 EJ
Ky=1+ 1+ I/'j:év \
Voo e



Khi va cham véi t6éc do 16n, chuyén vi tinh clia hé sé& rit nho6 so véi chuyén vi clia hé khi
va cham. Hé s dong duogc xic dinh theo cong thic (8.7). Néu goi Ky, Ky, 1an luot 1a he s§
dong va cham daéi véi dam don gian va dam hai dau ngam th! ta co:

Lo _ 48 1
K, Vo2 2

Bai 8.3: Truéc hét ta phai xdc dink chuyén vi don vi tai diém va cham theo phuong va
cham. Muén vay, ta xay dung céc biéu dé mo men udn do tac dung cta luc don vi.

3/40

Hinh 8.1
Chuyén vi don vi:

(2 vy
3 40 340J 960 EJ

Va do dé:

K,=1+ 1+4Eg-L
Pl g

So sanh cdc biéu thitc hé s6 dong khi va cham theo phuong dimng va phuong ngang & trén,
trong trudng hop toc do va cham 16n, ta co:

Ke _ 26_9:4.671
K, V4
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Bai 8.4

AVSARY

£ = const

Hinh 8.2

Pé xic dir h chuyén vi ¢om vi th=o phuong ding tai diém va cham, ta tinh chuyén vi don
vi tai diém va cham déi véi didm -5ngxon phia trén va ddm don gian phia dudi. Do cing
ctia lien k&t dan k2 2.2 & ¢6n 1, ong Gua trinh tinh d6i v6i hé ddm phia dudi.

. " (6EJ+K/)

Oy, = S
" 9EN (K + 2E))
Véi Kng{,mCO: 8, -
! 6 EJ
Chuyén vi tinh:
P I:ﬂ
—_ P . 6 —_ ——
¥r {1 6 EJ

Thay vao eéng thic (8.3) ta nhian duoc hé sé dong nhu sau:

J
Pl
Bai 8.5: Chuyén vi don vi tai diém va cham:
If I;

e 48E(} 1, +131,)

Chuyén vi tinh:

_ P
48E (1} 1,+131,)

¥t

He s6 dong do tiac dung va cham theo (8.3):

3 3 2
Ko=1s \/l+48 E( ), +030,).v

P11 g
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Bai 8.6: Ta ¢6 thé xdc dinh chuyén vi lon nhiat do tdc dung cua va cham theo cong thiic (8.3):

er

o e

A2
RSO
5 [1)
==

Hinh 8.3 |

2h
)/mnx =yT I+ 1+—_—(“—6-]—
Yr

1+ -

trong do: Q 12 trong lugng clia hé dugc quy doi vé vi tri va cham:
Q=v.G

Vi G 1a trong luong clia ca dam, v 12 hé sé quy déi.

Hé s6 v duge xdc dinh theo phuong phdp niang lugng nhu sau: Ta gia dinh dang uén dao
dong ctia dam y(x) 1a dudng dan héi do tai trong P dat tai diém va cham. Khi do ta s¢ tinh
duge dong nang do tdc dung cua tai trong 1a trong luong ban than dam K, (t) va dong ning
do tdi trong thay the P, dat tai diém va cham Ky(t). Cho K,(t) = K,(t) ta s& xdc dinh duge
P,, tir d6 ta tinh dugc hé s6 thay thé v. Biéu thiic cGa dudng dan héi duge xay dung theo
cong thiic Vérésaghin. Ta vé biéu dé tai trong va biéu dé don vi nhu hinh vé 8.3b, c.

P X

=(Mp) (M|)=——I1-=|.x*
Yo = (Mp) (M) 2EJ( 3] X

Khi dé:

K, ()= 2]y, (-osino ) dx =
2g

2 2 .
_ po’sin’ ot Il Px* (1_5] g 33 P2°w? sin? ot ol
2 o 12EI 3 2520 gE’)?

t

2 3 .
» .2 (P/‘zj 140 P*°0w?sin’ ot
.sin” ot -

P s P
K,(1)=—-% —wsinot)]” =+ o = - P
, (1) > [yal )] 3EJ

g 2g 72520 gEJ?
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Cho K (t) = K,(t), ta xac dinh dugc trong luong thay thé:

33
P, =—p.1=0236 p.1=0,236G
v =140 p P

Nhu vay hé so quy déi v =0,236.
Trong lugng ctadam G =p ./ =689,4 . 4 =2757,6 N.
Po vong tinh cha dam tai vi tri va cham.

_PI7200.400°
3EJ  3.21.107 .17544

Y =0,0116(cm)

Vi d6 cao clia vat va cham 16n hon rat nhiéu so véi doé vong tinh nén chuyén vi 16n nhat
cua h¢ do tdc dung va cham sé dugc tinh theo cong thic (8.5).

2h.y; [ 2.200.00116

Ymax = -
) 6
- CP? | 4 0:236.2757.6

= 1,044 (cm)

So sanh d6 vong 16n nhat va do vong tinh ta thdy do vong dong 16n nhat 16n hon do vong
tinh rat nhiéu. Heé s6 dong trong trudng hop nay la:

K - ylﬂﬂx — 1’044 :90
oy, 00116

Ttr h¢ s8 dong, ta s€ xdc dinh gid tri momen udn 16n nhat tai vi tri ngam:
M, ... = M. K,, trong dé M; 1a do vong tinh do tai trong P gy ra My =Pl
M,.. =Pl . K;=200.4.90=72.000 Nm
=72.kNm
Bai 8.7: Do véng tinh cia dam tai vi tri va cham:
P/’ 2.10°.600°

T T 8 E) 48.10°.36.10° 3.4

Khéi lugng cha hé quy déi vé vi tri va cham duoc tinh qua hé s6 v xac dinh bing phuong
phdp ning luong tuong tu nhu ¢ bai 8.6.

v=05

Vi do cao cha vat va cham rét 16n so v6i do vong tinh; nén chuyén vi 16n nhit cia hé
duoc tinh theo cong thuc (8.5):

2hoys  12.20.0,0074

- 2
2

ym:lx = = 0’23 cm

| +

I~
[\
(&)



Nhu vay hé s6 dong trong truong hop nay sé la:
: 0,23
Kd - ynmx = 2 =31

Ty, 00074

Tu K, ta c6 tai trong tinh twong duong:
Py=K,;.P=31.2=62(kN)

O bai nay, néu bd qua trong lugng cua hé thi hé s6 dong tinh theo (8.7) s& rat [6n:

K, = 2_h_\/____2.20_735
Ty, V0074 ’

Tuong tng véi K, tai trong finh twong duong la:
Py Ky .P=735.2=147 (kN)

" Bai 8.8: Trudc hét phai xéac dinh chuyén vi tinh tai diém va cham. Cac biéu dé dugc cho
trén hinh vé 8.4.

I 4

]

he Pil6 14
_ 3 ® é @
Veccedd Veessd —L 77 Pii24 —7777 i’n
e o
a) b) c)
Hinh 8.4
— 2(1 1 I\(2P! 1P
= M MO = — —_— s — —_————— =
Yo =Mp) (M) EJ[Z 2 2)[3 16 3.12)
P/ 6°
= = 10.6 =23310"* (m)

T 96E] 96.2.]1.10° .4,588.107

Vi do vong phit sinh do va cham véi t6c do 16n s& I6n hon nhiéu so véi do vong tinh, nén
ta st dung cong thitc (8.3) dé tinh dé vdng I6n nhat:

trong d6: Q =v . G,
Véi v 12 hé s6 quy déi khéi luong duge xédc dinh theo phuong phip ning luong tuong tu
nhu bai 8.6. G day chi dua ra két qua : v = 0,468.
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Con G=p.!

The cdc gid tri bang sd vao biéu thic y, .. tacé:

233 107" )
Yo =1 , = 0,00425 {m) = 0,425(cm)
‘ [ 0468 115.6)
9811 1+ >0
\ )
He s6 dong:
e 0042
Ky = 2o = = 2 =18,24
ve oo 2323107
Uhg suat tinh tai diém va cham:
M P/ h 10.6.0,45
Oy === = 4900 kN /m?

W6 )2 6.4585.2.107
Ung suat dong 16n nhat:
0. =K, . 0,=1824 49 10" =8,9410" kN/m*
Bai 8.9: Ty s0 hé 6 dong cua khung hai chan ngam va khung hai chan khép khi chiu tdc
dung va cham véi toc do 1on:

K
S 105
K
Bai 8.10: Chuyén vi tinh tai dau tru dudi tdc dung clia *— T
tang bang duogc tinh nhu chuyén vi tinh tai dau congxon
(hinh 8.5).
_PhY 20.2°
3E] 3.12.107.795.107°
V1 trong lugng cia két ciu rat nho so véi trong luong cua e
vat va cham, nén hé s6 dong dugc tinh theo cong thic (8.3):

5 - Hinh 8.5
v 14
Kg=1+ 1+ :l+\/l+ =14,5

=056 .10 (m) EJ

Y

g.yr 081.0,56.107"

Mo men uon 16n nhat tai ngam (tai chan tru):
M_. =M. K;=Ph . K;=202 145=580kNm

max

Ung sudt phdp 16n nhat tuong (ng véi gid tri momen udn Ién nhat la:

M 580.0,3
G, = Mnmx — max_ _ 80 > — 2‘19104 kN/m2
: W J 79510
d

Gi4 tri tng sudt phdp lay 12 rdt 16n so v6i ung suat cho phép cia vat liéu két cu tru. Do
dé cn phai ¢6 nhimg bién phap bao veé tru.
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Chuong 9
TINH CONG TRINH CHIU TAI TRONG CHAN PONG

Khi tinh cong trinh chiu tai trong chan dong, gia tri tinh todn cta luc chan dong tic dung
vao cong trinh biéu tht qua luc dan hoi duoc xdc dinh déi véi cdc dang dao dong riéng:

{Pd,i}=[Q]{(Pi}(Kc-Bi-Hi) (9.1)
trong dé: {Py; } véc to luc dong dit ing véi dang dao dong riéng thi i;
B; - hé s6 phu thudc chu ky dao dong riéng cua hé: 3, = —T]-
va: 0,8 < B, < 3.
T, - chu ky dao déng riéng ctua dang dao dong riéng thi i;
Ly - hé so dang dao dong riéng:
U
¢ M)
fo ] ). 0} o)

"o T Ml e

{1} - véc to cdc phén tlr bang don vi, mot cach t0ng qudt, né ké dén su dong thoi chuyén

dong cua khéi lugng va nén;
{@;} - véc to dang dao dong riéng thi i;

[Q] - ma tran trong luong cac khéi lugng clia hé:

Q] =g [M],
Véi: g - gia téc trong truong;
[M], - ma tran khéi luong.
'm, 0 .. 0]
0O m, .. O
M=
L 0 0 .. m,]|

K. - hé $6 chin dong. Cong trinh dugc xay dung trong cic viing dong dit khic nhau, hé

s0 K, duoc 14y theo ciip dong ddt cha timg viing cho trong bang sau:

Bang 9.1

Cap dong dit 7 8 9
Hé s6 K., 0.025 0,05 0,1
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Mot cich tong qudt, hé s6 K, phu thude vio gia téc cla nén cong trinh khi chiu téc dung
chan dong, va nd duoc xac dinh tng véi timg dang dao dong riéng theo cong thic sau:

2T 0 .
K, ="— J y,sino (t—1)dt (9.4)
g

trong do: y - gia tdc ctia nén cong tinh;
o, - tan 56 dao dong riéng thu i;
2 - gia 10c trong truong.

[.uc dan hoi 1én nhat déi véi moi kheéi luong (moi ting) duoc tinh gan ding nhu sau, con
2oi ta hue chan dong tinh todn:

Pd.K = \/ Plil t Plf) ot P}i.n (95)

Vée 10 lue dan héi doi voi ca hé ¢6 the duoe xde dinh mot cich diy du theo cong thic sau:

(P} = [QI [®] i, B, K| . (9.6)

trong do: [D] I ma tran cic dang dao dong riéng cua hé.

Poi vor cde cong tnnh dung khoi, bicn dang cua cong trinh thudng rat bé so vai bién
dang cua nén. Chu ky dao dong riéng ¢é the duge xidc dinh theo cong thic:

-
M

raamy | 9.7)
VK,

trong do: M - khoi Tuong cong trinh:
v - hé so tinh dén sy quidn tinh quay cua cong trinh.
h, |
v=112+ 041 (9.8)

Véi: h, - do cao tir trong tam cong trinh dén didy mong;
b - kich thuée diay mong 1én nhat.

K

. - do cung cha nén khi trugt. N6 phu thuge vao dién tich d& mong, dién tich céc
mit suon xung quanh cta mong. tinh chat dan hoi va do bén ctia nén dat.
- B : 9 ¢
Kn "Clr F.,I+(|1lh+cn}n ()))
Vai: C - he so truot din hoi caa dat:

C,. - hé s0 nén dan hoi cua dat:

I-, - di¢n tich de mong:
I, - di¢n tich mat bién cua mong co surma Sit;

[, - di¢n tich mat xung quanh ctia mong ¢o su nén.
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Quan hé cta hé s6 nén va hé s6 truot dan hoi.

C,=0,7C, (V.10

Néu ¢ 50 do tinh todn cong trinh dang khéi ma ta xem khéi lugng phan bo theo chiéu cao

cua cong trinh 12 cdc khdi lugng tap trung thi d€ xic dinh cdc luc dan hoi tai vi tri cdc khai

lugng tap trung do, ta xem dang dao dong riéng c6 dang tuyén tinh sau:
hy

S S— 9.11)
83b+47h,

ox =1+

Vi h, 1a chiéu cao tir vi tri khéi lugng K dén diy mong.
Daoi véi cic cong trinh cao dang 6ng khéi, cic cot thdp, cdc tru dai phat thanh truyén

hinh thi hé $6 phu thudc chu ky dao dong riéng B, sé duge lay tang Ién 1,6 lan, tic la:
i =16 — (9.12)

Néu biét duoc phéd van toc ctia hé khi hé chiu tdc dung chin dong, ta s xic dinh duoc
cdc pho chuyén vi va phd gia (6¢ twong dng. Khi d6, luc dan hoi, chuyén vi va gia t6c doi
vé1 dang chinh thit i s&€ duoc tinh nhu sau:

{Py;) = [M] {o;}. (1, o; S;) (9.13)
S

{Yi }: {(Pi}[ﬂi ' (;‘l ]= {(Pi }(Hi -S4 (9.14)

{Yi}: {(Pi }(Pi 0 Sy) = {‘Pi }(H; S.) (9.15)

trong do:
S, - 1a gid tri cta pho van téc dng véi dang chinh thi i;

(S, . ®,) - 1a gid tri ciia pho gia t6¢ tng véi dang chinh thi i;

—=-- |2 gid tri cua pho chuyén vi timg véi dang chinh thi 1. Yomas
W, .~
i
. . - . o . — @ oV
Bai 9.1: Luc dong dat tinh todn duge xdc dinh theo cong \
thite (9.1). O day, hé ¢6 moét khoi luong, hé moét bac tu \
. \
do. nén: Vs 32 Jy
h \ T
- \
Pd - K«: B Q N i \
v
trong do: \
! \
N 1 N 3 5 \
Q la trong luong cua thdp nudec. { aa
— -3 Aty € .
K. =0, (tra bang 9.1) Hinh 9.1



16 160 _ K

f=-"-="—-=02550=0255—
T 211 M
3E)_ . g E
=0.255 /—,—"r _ge4 | .
V h".Q Q.h'
Vay:
| eEJ [cEJ.
Py=01.Q. 0442 =~ =0442Q [=—
VOo.r Von
D¢ lech ngang 16n nhit cua khoi luong do Py gty ra i
P h?
Y man o Ny T
K RIS
Momen uén 16n nhat phit sinh ta méng két cau la:
. h'
I|wmu\ﬁ = P(I h+ Q Y max T Pd h+ Pd : Q —']Z"_"
' ' 3EI,
Ll Qn
=1 0,0442Q ,/ l R Q‘j -
V Q. ) . 3E1
14 ' _"I_“ - ,
= 100442 [& =y ~QJ]_
\ Oh 3EJ,
Luc doc tac dung vao mong kétecaw: N =Q+G
. . \ : ) T @M
[rong d6: G la trong luong phan tru thdp. f
3
Bai 9.2. Day la h¢ dao dong ¢6 2 bic tu do. i
1
o) Xdo dind wan so'va dang dao dong riéng 9 o
(oL
Wy = [~ ém
43} S i
] |
I |
[(l)] = I v v
1956 -0371° -
h) Xeac dinle ciac hé 56 dang dao dong rieng tleo (9.3 Hinh 9.2
o [10es 0
{1 1956} | ‘
C0 4s8]
By = ———— e 2 e = ()59
o loes 0 o
{1 1,956} ) X )
0 SR 1963

(o)
(U]



1065 O 1
{1 -0371}
0 1458 ]

Mz =
106,5 0 1
{t  —-0371
0 1458 -0,371

¢) Cac hé s6 phu thuéc chu ky dao déng riéng:

=0414

B, = _o 0,96
21
1 o, : .
=—=—2-=685>3,talayf,=3
B, T, 20 y B
Luc dan hoi ting véi méi dang dao dong riéng dugce xdc dinh theo cong thiic (9.1) véi K. = 0,05:
(1065 0 | [ 1 30,2
{Pg} = . 0,59.0,96.0,05 = (kN)
. 0 1458 |1956 81
(1065 0 ] 1 66,1
{Ppnl = . 0,414.3.005 = (kN)
L 0 1458 |-0371 -33,6

Tai trong chan dong tinh todn tai vi tri cic khdi luong dugc tinh theo cong thie (9.5)

Plu= \/P121 +P% =+/3022 +66,12 =727 (kN)

P,y = P2 + P, =817 +(=336)2 =877 (kN)

N
Bai 9.3. % 3
[T Tl 7 7 77 7777 L7 7 QJ.———E’”
rd
4(m) f
92 Iy
777 T 77 7 7 /77777 77777777777 77777 Q‘—————Q
2
s
4 2
Q'l r‘

7777 Z 177 777777777777 7 Q
2

Hinh 9.3 e b - . L

T

—= - -
3) b)

a) Dé xdc dinh tan s6 va dang dao dong riéng cia két cau dang khung nha ba ting ba
nhip hinh 9.3a, ta phai dua hé vé dang hinh 9.3b bing cdch tap trung khéi luong vé méi
tang. Cic gid tri f}, f5, {3, r}, 1y, r3 12 tong cdc do cing phan bé theo chiéu dai cla tat ca cdce
cot va cdc thanh ngang tuong (ng clia cdc tang ctia khung nha. D€ tinh cédc chuyén vi don
vi do tai trong dat tai dau cdc thanh ngang, can su dung cong thitc cua Xigalép véi cic do
cttng ¢ hinh 9.3b.
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Tan s6 va dang dao dong riéng cé cdc gia tri ghi ¢ dang ma tran nhu sau:

6,98 1 1 I
fo}=4213 (1) . [@]=] 1885 0222 -1,197
3] N 2256 —1248 1,096

b) X dinh cac hé s6 dang dao déng riéng theo (9.3)

Trong luong cuia cdc khoi luong:
Q,=682.18=1230kN.
Q, =Q, = 1230 kN,
Q,=35. 18 =630 (kN).

1220 0 0 1
(1 1885 2256/ | 0 1230 o0 |+
0 0 630]| 8|l
u = — 0,565
1230 0 0
(1 1885 2256/| 0 1230 0 1885 b 1
0 0 63| |2256] 8
20 0 0] i
0 0222 -124811 0 1230 o0 | - {1
0 o 630] 8|
g, = =0,319
2 1230 0 0 NE
00222 —12481| 0 1230 O 0222 | =
0 0 630 |-1248|5
230 0 07 I
(1 —1197 109} | 0 1230 o0 | -1
0 0 63| &
", = ~0119
' 1230 0 0 1
0 -1197 109} | 0 1230 O ~1.197
0 0 630 1096 | &
o) Xac dinh cac hé s6 B theo (9.2)
B, ==y
T, 201
1w, .
et 2% 33953 14y B, =3
B, T y B2
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| w; 31 )
=—=—==—>3 14 =3
bs T, 211 20 Y Ps

d) Xdac dinh e dan hoi iing vor timg dang dao ddng riéng theo céng thire (9.1) véi

K, = 0,05 ing voi ving dong dat cap 8:

(1230 0 0 | I 38,5
(P, b= 0 1230 O 1,885+ .0,565.005.111=4728+ . (kN)
0 0 630] |2,256 44,4
(1230 0 0 | I 588
(Pt =| 0 1230 0 [{0222;.0319.005.3=4 131 ;.(kN)
0 0 630 |-1,248] -374
(1230 0 0 ] 1 22
(Pyst=| 0 1230 0 |3-1197} .0,119.0,05.3=4-262¢ . (kN)
0 0 630 | 1,096 12,3

Téai trong dong dat tinh todn tic dung vao két cau tai vi tri cdc tang duge xdc dinh theo
cong thic (9.5):

Py = P +P% + P} =385 +588> +227 =736 (kN)

Pog = V728" +131% +(=26,2)* = 78,5 (kN)

Py = 44,47 +(-37,4) +12,3° = 59,4 (kN)

Bai 9.4:
st "TQ' @1 = 1,121
k
& —————- D
6(m) L 1
- ¢, = 1,045
' o |
\ ////77////////:///////////'/ :} o
2 | Q, |
- | 3

Hinh 9.4 le a=45 .
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Pay 1a cong trinh dang khéi. khoi luong cha ca hé la:

_Qp+Q,  140+1460

M =163 . (kKNS*/m)

g )
Khoang cach tir trong tam cua thi€t bi va méng dén div mong: h,, = 2,58m.
10 cing cua nén khi truot xdc dinh theo (9.9):
K,=C, F,+C, .F,+C, F,=4 10°3 4.507+245.07+2.3)
=4 10", 28 =112 10* (kN/m),
Hé 50 tinh dén su quay cua cong trinh duge xac dinh theo (9.8):

2,58

= 1,36
4.5

v=112+041- ht: =1,12+041-

Chu ky dao dong riéng cua hé duoc xdc dinh theo (9.7):

M v
T=2nv [ﬁ =2 .314 136 \/ 16~L7 =0,104 . (S)

VK, 112.10°
Heé s phu thuoce chu ky dao dong riéng:
(LN STV
= — = ——— , le ' y = 3.
T oa0s 7

Bay ¢itr ta s€ xde dinh dang duo dong riéng, doi véi cong trinh dang khoi, dang dao dong
c6 dang bac nhat nhu hinh v& 9.4b, phi hop vdi cong thire /9 11), trong dé s6 1 chinh la
tung do tar vi tri ddy mong, ta xdc dinh tung d6 dang dao dong rieng tai vi tri trong tam cua
thict bi:

h 6
o =l+r—t— = — =] ]2]
§,3b+4.7h 83.45+47.258

Tung do dang dao dong riéng tai vi tri trong tam cua mong dugce tinh ndi suy khi dudng

thing di biét hai tung do:

1121 -1
p, =1+ 2225 =1,045
- 6
Heé so dang dao dong rieng duoc xic dinh theo cong thie (9.3 ):
| 1400 701 ‘
(L1217 1045}
0 1460 ¢ 1]
= 0,96

L =
d “T140 0 11 (21
1121 1.045) |
U 1460] g |1045]

Luc ¢an hot tic dung 1én he xac dinh theo (9.1):

[NV
(V]
Lh



(Py} = [Q] {o: }-(uiB, KC):{

140

0

0 146

J1

Luc ngang tdng quat tic dung 1én cong trinh 1a:
P=45 +438 =483 (kN)
Bai 9.5: «) Xac dinh tin s6'va dang dao dong riéng:

1,121 4,5
.096.3.0,1= (kN)
1,045 438

M2 -
hid * ?
Mo
hé
M ‘ Y
h/{l: — O ®
M, = M
4T |
a) b) ¢}
Hinh 9.5

Ma tran cing K ctia ddm céngx6n. Hinh 9.5a ¢6 cdc phan tr nhu sau:

[ 624  -1416 . 1008 -288 ]
'[K]= E) |-1416 3840 -3720 1728
388a | 1008 3720 5568 —4584
| —288 1728 —-4584 7296 |
Ma tran khoi lugng:
[1/2 0 0 O]
[M]-_-ﬂll 0O 1 00
4 0O 010
10 0 0 1]
Phuong trinh tan so:
[K]-o*[M]|=0
Thay cdc ma tran [K ]] va [M] vao phuong trinh trén.
Khai trién dinh thic va gidi, ta nhan duoc:
3,42 342
{w}=<20’1 1B _ 20,1 (l]
532/ h* Vm |532 S
92,8 1928
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Ma trin cic dang dao dong riéng:

-

| I
. 0654 -0,272
(D:‘j(ﬁl,;w.‘( ~j l: ’ ’
(] [t INAR'Y ”’”] 0336 -0328
10,096 0,454
Chu ky dao dong riéng thit nhat:
2 28
poe2 o028 e
o, 342

Thot gian duy tri cua xung gia toc:

1 1
- 1098 —1,729
0307 2,643
1198 —2,68

0=01 T, =0l.184=0184.(s)

Toc do ban dau cua méng dugc tinh theo cong thire:

v, =5,.0=1.2.0,184=0,184.2..m/s)

Pé xay dung biéu do phian bo chuyén vi, ta sit dung cong thic dang (9.14) viét cho ca hé

nhu sau:

Lol -

e
l

trong do:

nhu nhau doi véi moi dang dao dong riéng va bang (6¢ do ban ddu cia méng.

Hé 5o dang dao dong riéng duoc xidc dinh theo cong thic (9.2):

(1/2 0 0 0! ]
O 1 0 0| mh]|l
{1 0654 0336 0.096) mh
0 0 1 0] 4 |1
0 0 0 | I
L, = __ L _
" /2 0 0 0 1
O 1 0 0| mh |0,654
1 0654 0336 0,096]
0O 01 0 4 0336
00 0 | 0,096
1,58
| = 186 1.51
2.0998

Tuong wr ta duge:

i, =0.719
i, =028
p, =-0072

v > ! - o ’ ~ -~ z e . g N P 7 A 3N
—=¢ 1a pho chityén vi cha ca heé, ta dd xem ring gid trl pho van toc cua hé la
[OF [

1
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DPua cic gia tri p;, o, vao cong thic Y, ta dugc:

fv}= {2

1392
53,00
32,02
12,09

1
0,654
0,336
0,096

> (m)

1 !

-0,272  -1,098
-0828 -0,307
-0,454 1,198

1 T
~1,729
2,643
~2,68 |

(1,51. 1,805) : 3,42
(-0,719.1,805) : 20,1 &
(0,28 . 1,805) : 53,2
(-0,072 . 1,805) : 92,8

Biéu d6 phan b6 gia tdc viét cho ca hé duge tinh moét cdch tuong tu nhu trén, ta sit dung

cong thic (9.15)

1v)-

Thay cac gid tri da c6 O trén vao, ta s& dugc:

-

1
01654
0,336
0,096

v)-

1
~0,272
-0,828
-0,454

1 1
-1,098 -1,729
-0,307 2,643

1198 2,68 ]

[CD] {Ui 0; Vo}

[ (1,51.0,629g)
~0,719 . 3,698g

—

>
(028 .9,789g

-0,072.17,075¢g

A

(~0,189¢

0,46g
0,113¢g
7877¢g

Bi€u dé phan b6 gia t6c va biéu dé phan bs chuyén vi 16n nhét theo chiéu cao dugec mo ta

trén hinh 9.5b va c.

Bai 9.6: Tir ma tran Q, ta c6 tan s6 dao dong riéng cua hé:

o} -

{T}:<

J 4,58 )
982
14,59

1,37
064 . s
0,431

.[lJ,suy ra:
s

Tir céc gia tri T, (i = 1, 2, 3) ta tra d6 thi phd vén toc sé duge:

0,529

{S,}=140429% . (m/s)

0,365

Xac dinh cic hé s6 dang dao dong riéng theo (9.3):
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{o,]" M]{} 2,566

W, = = - = = 1,4248, tuong tu ta co:
o] Mo} 1801
L, = —l’—z—si =-0,511
VTR
2,08
=-_—=0.09
P =703

FATS Y

[.uc dan hoi doi véi cac dang dao dong rieng duoc xdc dinh theo cong thice (9.13):

1 0 0 1 0,614
Pob=10 15 0150644}  1,4248 .4,58.0,529. M = {0,593} . 10" kN.
0 0 21103 0,368
1 0 0 -0,383
[Pl =[0 1,5 O] -0601} (=0,511).982.0429. M= < 0,345 10°kN.
0 0 2!]0676 0,518
I 0 0 1 0,085
(Pl =]0 15 0]{~257:.009. 1459 0365. M= |~0329]. 10°kN.
0 0 2|]|247 0,42
Chwy2n vi ting vai céc dang dao dong riéng dugc xac dinh theo cong thic (9.14):
‘ J 1 0,165
0,1 = fo Ju, - 260 = Josad b 14248 - 2222~ 1056\ . (m)
ON 4.58
0,3 0,0495
| 0,420 ~0,022
b =0-0601% . (-0,511)- 0429 _ 0013 }.(m)
- 0,82
~0,676 0,015
I 0002]
{Y,}=4-2574.09 - 0,565 ' 0,005, . (m)
~ 1459
2,47 L 0,005 (

Chwy2n vi 1on nhat cia hé duge tinh gan ding mat cdch tuong tu nhu xdc dinh luc dan
hoi 16m nhat theo cong thice (9.5):

2 3 5 5 A
!y! Vi +yh+vh J0.165% + (~0,022)? +0,002> 0166
fl= 1y, bs Ly2 e yd w2 b= 14010562 00137 + (0,005 b = 0107} (m)
Ly ; N J0,04952 +0.015° +0,005> 0,052
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Tai trong chan dong tic dung vao cdc khoi lugng duogc tinh theo (9.5) viét cho ca hé
nhtr sau:

2 2 2
N J0.614% +(~0383)% + (0,085) 072
(Pl = {p,b = 10,5932 +03452 +(-0329)2 | . 102 = 1076. 10" kN
P3 J0,3682 +0,5182 +0,4222 0,76

Bai 9.7: Huéng dén:
Xdc dinh chu ky dao dong riéng va tham sé tat dan, tir céc gia tri d6 ta tra do thi pho van
toc dugc: S, = 0,228 (m/s).
Sau dé tinh chuyén vi 16n nhat va tai trong chan dong tinh toan. Tai trong chin déng tinh
todn c6 thé xéc dinh theo cong thic (9.13), hodc tinh theo P, =K . Y
bPap s6: Y, = 0,042 (m),
P, =450 (kN)

mux:

Bai 9.8: Dang dao dong riéng va tan s6 dao dong riéng duoc xac dinh:

o} = {1211} ' E]

0431 1 . 30
[(D]z[ } , Ma tran khdi luong: [M]:[ JM

1 -0,648 0 2
M M
T | & @
!
_!“ 77777
o
Hinh 9.7

Ung véi cdc tan s6 dao dong riéng, ta ¢6 chu ky dao dong riéng: T, = o

m=10 ) = foams)

Cac hé s6 dang dao dong riéng duoc xdc dinh tuong ung véi cdc bac tr do cua hé theo
cong thic (9.3) ¢ céc gid tri sau:
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My 10,5067
{ = = -
L i, 10,78125
Tur cic gid tri T, 1i = 1, 2) va tham s6 tat dan € = 0,02 t= nhan duge céc gid tri cha phod
van (0c¢ theo do thi 6 bai 9.6:

{s\l 7 [0.228}
.m/s

>y =
S, |ode7
Lue dan hoi img véi cic dang dao dong riéng dugc xdc dinh theo cong thiic (9.13):

3 0} [0,431

{Pq.]]={M]{mt}(ui(x)ls\i‘)={o )1 }.0.15.(0,5067.5,49.0,228)

. [0123]
Farl "o KN

3 0 |
(P,} = M, (1t 0-S,,) = 015 (078125 . 1686 . 0,167)
' - T 0 2 -0,648
(099 ]
(Pt = 1o ~ . kN
|-0428

Luc chan dong tinh todn déi véi hé da cho duge xiac dinh theo cong thirc (9.5):

01232 10990 | (0998
{Pd}={p’} Vo :{ }.kN

P2) 10197 +(—0408)2 | (0468
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