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DYNAMIKA - UJECIE KLASYCZNE
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ﬁ 250 kg 320 kg Lakg
7 vo, v, vo,
k 3 It 15 k 2 It 2 J [m]
Dane:
Przekroj: 1 220 [=3060 cm* Wy =278 m3

E =205 GPa

El = 6273 kNm? = 6273000 Nm?

P =255kN =25500 N

rad

p =105 Hz = 65,97

SSD=3



1. Wyprowadzenie wzoréw do obliczen:
gi = —A; - sin(wt)
qi = _Ai . (1)2 . Sln((l)t)

q1 = 811(-myGy) + 612(—=myd,) + 813(—m3ds)
Gz = 021(—myGy) + 6,2(—myGy) + 8,3(—m3(s)
qz = 031(—myGy) + 83,(—myGy) + 833(—m3(s)

A; cos(wt) = 8;;myw?A cos(wt) + §,myw?A,cos(wt) + §3mzw?Azcos(wt)
A, cos(wt) = 8,ymyw?A cos(wt) + 8,,myw?A,cos(wt) + Sy3mzw?Ascos(wt)
As cos(wt) = 83ymw?A cos(wt) + 83,myw?A,cos(wt) + S33mzw?Azcos(wt)

Al(l - 611m1(1)2) - A2612m2w2 - A3513m3w2 = 0
- A1 521"110)2 + Az(l - 622m2(1)2) - A3623m3(l)2 = O
_A1531m10)2 - A2632m2(1)2 + A3(1 - 633m3(1)2) = 0

2. Obliczenie czestosci i postaci drgan wtasnych:
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mw
A= El,
’AEIO
w =
m
m =100 kg
M; M,
5y = Z f L dx
1 I
S = E_IO ik
me? _ 5™ _ 25,
El, El,
me? _ 3o m0t_ 392
EI, EI,
ms w? _ mw? — 42
El, EI,

Al(l - 2,55{11) - A23,251121 - A34‘5113A =0
- A12,55élﬂ. + Az(l - 3,25521) - A34‘5,23A =0
- A12,55l3lﬂ. - A23,251321 + A3(1 - 4‘5é3}.) =0

1—258,1 —328,4 — 487
- 2,56é1/1 - 3,25é21 1 - 4‘6é3l



Wyznaczenie wykresu od sity P=1,0 po kierunku q1 metoda sit:

511=l(2 .8’5.2+2.2.l.£.2:£l
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Wyznaczenie wykresu od sity P=1,0 po kierunku g2 metoda3 sit:

Su=—(2°85-2+2:2 2 2-2="2—
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Wyznaczenie wykresu od Wyznaczenie wykresu od sity P=1,0 po kierunku g3
S11=— (2852422 2-2.2=122
El 2 3 3 EI
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Wspo6tczynniki 65 z uktadu réwnan ruchu:

Sik, = Z J. MiMkdX

§i= M - MD dx=2,51-3-§-§-3 - 0,49-3-%-%-3 = 6,795

§12= [MS - MY dx=3,396-3-%-§-3 + 0,396 - 3-%&-3 =10,782
§2=[ M) - Mjdx=3,396-45-~ -2-45 - 1,104-45- -3~ 45 =19,197
§25= [ M) - Mjdx=4,196-45-2 -=-45 - 0,304- 45-—-5-45 = 27,297
§33=[ M3 - Mgdx=4,196-6,5-§-§-65 - 2,304 - 65-—-§-65 = 42,87

§13= [ M) - M%dx=4,196-3-% -%-3+ 1,196-3-~ -3 =14,382

1-16,98814 — 34,5021 — 57,5281
— 269554 1-61,43014 —109,1881| =0
— 35,9551 —87,35014 1-171,484

(1-16,9882)(1 - 61,430 A)(1 - 171,48 A) - 135451 A3 - 135450 A3 - (1 - 61,430
2)2068,419 A2 - (1-16,988 1)9537,572 A2 - (1-171,48 1)930,001 A2 = 0

(1-78,418A+1043,573A2)(1-171,482A) - 135451 A3-1354502A3-2068,419 A2 +
127063 A3 -9537,572A% + 162024 A3 - 930,001 A2 + 159477 A3=0

1-78,418A+1043,5732A2-171,481 A+ 13447,119A2-178951,898 A3 - 135451 A3 -
135450 A3 - 2068,419 A2 + 127063 A3 - 9537,572A%? + 162024 A3 - 930,001 A% + 159477

A=0

1-249,899 A + 1954,7 A2 - 1288,898 A3=0
A1=0,004135

A2=0,136353

A3=1,376079

AET
m

1,376079 6273000

rad
= 293,805 —~

=92,485 —
S

0004135 6273000 rad
16,106 ~

\/0,136353 6273000 rad



A,(1—16,9881) — A,34,5021 — A357,5281 =0
— 4,26,9551 + A,(1 — 61,4301) — A;109,1881 = 0
— 4,35,9550 — — A4,87,3504 + A3(1—171,481) =0

{ Ay(1—16,9881) — A,34,5024 — A357,5281 =0
— A,26,9551 + A,(1 — 61,4301) — A;109,1881 = 0

[ posta¢ drgan wtasnych:
A1=0,004135
Ai1=1,0

{ 0,930 — A4,0,143 — A50,238=0
—-0,111 + A4,0,746 — A30,451 =0

A1=10
A2=1,842

A3=2,801
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Il posta¢ drgan wtasnych:
A2=0,136353
A1=10

{ —1,316 — A,4,704 — A37,844 =0
—3,675—A4,7,376 — A314,888 =0

A1=10
A;=0,7584

A3=-0,6226
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[l posta¢ drgan wtasnych:
A3=1,376079
A1=1,0

{ —22,377 — Ay47,477 — A379,163 =0
— 37,092 — A,83,533 — A3150,251 =0

A1=1,0
A2=-0,8178

A3=0,2078

Sprawdzenie ortogonalnoSci:
YAT -m;-Al=1-25-1+ 0,7584-3,2-1,842 + (- 0,6226) - 4 - 2,801 = -0,005 =0
YA .m;-Al=1-25-1+ (-0,8178)-3,2-1,842 + 0,2078 - 4- 2,801 = 0,008 ~0

YA .m;-AT=1-25-1+ (-0,8178) -3,2-0,7584 + 0,2078 - 4 - (- 0,6226) = -0,002~ 0



3. Drgania wymuszone:

Al(l - 2,5611 pzm) - A23,2612 pzm - A34‘613 pzm = P612
- A12,5621 pzm + Az(l - 3,2622 pzm) - A34823 pzm = P622
- A12,5631 pzm - A23,2832 pzm + A3(1 - 4533 pzm) = P632

p? 65,972

El, 6273000

—A,0,1785 — A,2,3937 — A33,9911 = 0,0438
—A,1,8701 — A,3,2619 — A37,5752 = 0,0780
—A,2,4945 — A,6,0601 — A310,8968 = 0,1743

A1=-0,039343 m
A2=-0,051022 m
A3=0,021386 m
4. Obwiednia momentéw dynamicznych:

B, = —myd; = —my(— A;p?sin(pt)) = my (A;p?sin(pt)) = 250 - (—0,039343) -
65,972 - sin(pt)

dlasin(pt) =1 B1=-4280558 N =-42,81 kN
dlasin(pt) = —1 B1=42805,58 N =42,81 kN

B, = —myi, = — my(— Azp?sin(pt)) = my(A,p?sin(pt)) = 320 - (—0,051022) -
65,972 - sin(pt)

dlasin(pt) = 1 B, =-71055,95 N = - 71,06 kN
dlasin(pt) = —1 B = 71055,95 N = 71,06 kN

B; = —msi; = — mz(— Azp?sin(pt)) = ms(Asp?sin(pt)) = 400 - 0,021386 -
65,972 - sin(pt)

dlasin(pt) = 1 Bs = 37229,10 N = 37,23 kN
dlasin(pt) = —1 B3=-37229,10 N=-37,23 kN
25.5 kN =

#3?,23 kN
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Si1=—(2-85-242-2-2.2.2=102
EI 2 3 3 EI

Sip= — (91,455 © =3 -61,695 - ~-3—61,695 - 2 -15 — 74,46 - (1,5 +2) - %) :
2]= —263,873 —
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_ _ S _ 3 _
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5. Rozktad momentéw zginajacych of obcigzenia statycznego (ciezar wtasny mas,
ciezar wlasny pretow pominieto):

JAN
AN\

INNNNN\N
D
o
F
=
<+
-«
L8]
¢
£
=
-«
S
o
o
-
=

kN
479 479 [ m o

18,8
8,00

35,214 3 15 2 3 2 , [m]

1 110 1
Su=—(2-85-2+2:2 -5 = 2=122

1 1 1 1 1
Sip== [~ (479 - 2-3+188 -2 -3+ 188 -2 -15+80 - (15+2)-5)] -2 =
~256,3 —
X=—22= 2563 - = =699kN

6,99

AE 1+

[kNm]
33,92 &

33,92
— : 13,98 4
6,99 ﬁ 4,82 5,98 298 T3.08
3 1,5 2 2
9.7 ?‘ k k k p [M]



6. Maksymalne naprezenia normalne:

M Mg 3392 10584,9
0=12 %450 =2-=12 -=—+5,0 -
w w 278 278

= 205,12 =
cm
Caop=21,5-2 < g= 20512 L
cm?2 cm?

Przekrdj nie speinia warunku nos$nosci.



