Dane materialowe
E:= 210~106~kPa h := 10cm b := 24cm

b-h> 5 4 3 2
= Ty =2x 10 ~'m EJ:=EJ=42x 10"-kN-m

Schemat ustroiu i dinamiczne stobnie swobodv ustroiu

Ppsin(t)
m=200kg
B C o|
m=250kg
E
A N
AN A\
g =

Stan 1 (M1) oraz Stan 2 (M2)

Stan 3 (M3) oraz Stan 4 (M4)

A

m = 50-kg

épn sin{&t)

[

A

DYNAMICZNE STOPNIE SWOBODY




Sprawdzenie delt z RM-WIN jako przemieszczenia na odpowiednich stopiach swobody

14.435mm-EJ = 60.627-kN-m°

2.954mm-EJ = 12.407-kN-m"

11.654mm-EJ = —48.947-kN-m>

1.1211em-EJ = 47.086-kN-m”

Obliczenia delt

1.25Imm-EJ = 5.254-kN-m3

—2.384mm-EJ = —10.013-kN-m> 9.845mm-EJ = 41.349-kN-m>

0.2939¢m-EJ = 12.344~1<N-m3 —0.8914cm-EJ = —37.43’9~kN-m3 0.96cm-EJ = 40.32-kN~m3
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di, =(M{-M dipi=—2—|—d+==|+=—2| ==+ ——1| .. =12408
12= (M1My) 1227(3 37 27(37 37)
1 _6(120 212 1_1226
+—.2 ] —.— —_ |+ —-5— =
2 737 37 277 37
1 216 1 216 162) 112 (116 262
2 5 2 \35 33) 27 \35 335
-1e25(212 16} 1515112 263 165251
235237 37) 21402\ 37 37) 272 3140
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Masy na poszczeg6lnych dynamicznych stopniach swobody

masa porownawcza mg = 50-kg

m; =4 m2:=4 m3:=5 m4:=5
dip djp d3 dig
my-— - — mA-—— mqa-— my-——
Vg 2 2 gs 3 4 g
W
dyg dyy dy3 dog A
my-— my —— — — 3 — my-— 0
EJ B2 EJ EJ Ay 0
d3y d3p d33 d3yg Az 0
mla_ m2._ m3._ — — m4._
EJ EJ EJ 2 EJ A
w 3
dgq dgp dy3 dgg
my-—— my-—— my-—— my—— — —
kg 2 g 3 EJ YR 2
w
=0 "
EJ

a =

f(X) := —671.845663265306178-X + 19559.481575963745506~X2 + —108215.5328798190812~X3 + 104852.60770975207187-X4 +

2x10%
1.5x10°F
Ix10%

f(X)
5%10°

— 5x10%



407
20t

0 0.05 0.1 0.15 0.2

f(X)
20t
_ 40
— 60"
X

roz(X) := |a(X)|

roz(X) — —671.845663265306178-X + 19559.481575963745506-X2 + —108215.5328798190812-X3 + 104852.60770975207187~X4

X:=1

Given

la(x)| =0

N)gvzz (Find(X)) — (0.81205504899715134103 0.17552859606136613151 0.042930689844557922351 — 4.77260847658712142
-3

X = (0.812 0.176 0.043 1.559x 10 )

w

1 1
wy =11.442— [rad/s] f| == — = 1.821-Hz
s 27
1 “2
wy =60.051 — [rad/s] fy ;= — =9.557-Hz
s 27
1 “3
wy = 121427 — [rad/s] fy = — =19.326-Hz
s 27
1 “4
wy =261.175— [rad/s] fy = — =41.567-Hz

S 27




A= 4115 7 o= dzr% Saun= 431
3 m3

Awav= 41257 Aaav= d22 47 Ysa~= 432
3 m3

Mwav= 41357 Maav= 42347 dsa~ 433
3 m3

A= d1a 47 Aaa= daa 47 Haa= 434

Wyliczenie amplitud drgan wiasnych

/\l;\nN]N:: mlmo ma = mzmo ma = m3m0 m4 = m4m0
1

Dla wy =11.442— [rad/s]
S

Al =1 Az =1 A3 =1 A4Z= 1

Given

1
mydpy = —— AL T mydyp Ay myed A+ mydig Ay =0
(1)

1
w
1

1
mp-d3p-Ag +my-d3pAg + | mydsz - —2)'1*3 +myd3g Ay =0
w1
0.22533943885124369444

P:= Find(Ay, Az, A4) — | ~0.81538460812406907968
0.80018938878466942192

A=l 0.225
Ayy = P1 L= 0.225 P=| -0.815
’ 08

A3l = P2,1 =-0.815

A4l = 3,1 =0.8
1
Da wy =60.051— [rad/s]
S
dw=1 dev=l de=l Al
Given
my-dpy = AL T mydyp Ay myed A+ mydig Ay =0

(«2)

1
w
2

1
w
2



P:= Find(Ay, Az, Ay)
App=1

Agp=P | =-2178
Agy=P) =181

A42 = P3’1 =-2.354

1
Dla w3 =121.427 — [rad/s]

S
dw=1 dav=l de=l Al
Given

1
mydpy = —— AL T mydyp Ay myed A+ mydig Ay =0
()

1
my-dpAp | mydyy = Ay + m3dp3-Ag + myrdygAg =0

w

3

1

my-d3y-Ap +my-d3p-Ag + | m3d3z - —— |-Ag + my-d3g Ay =0
P:= Find(Ay, Az, Ay)
Al3 =1

A23 = Pl,l =-1.084

A33 = P2,1 =1.061

A43 = P3’1 =0.326

1
Dla wy =261.175— [rad/s]
S

A= 1 Ag=1 Az=1 Agi=1
Given
1 —
mydpy = AL T mydyp Ay myed A+ mydig Ay =0
()
1
my-dypAp | mydyy = —— Ay + m3-dp3-Ag + myrdygAg =0
Wy
1
my-d3pAp +mydip-Ap + i mydyy = —— 1Ay + myrd3gAg =0
w4
P:= Find(Ay, Az, Ay)
A14 =1

s

A34 = P2,1 =0.424

A44 = P3’1 =-0.823



Postacie drgan

Posta¢ pierwsza i druga

+f -“J

Postac trzecia oraz czwarta

POSTAC 3

POSTAC 2

POSTAC 4




Postacie z programu ALGOR

Posta¢ pierwsza

Superview (Linear Stress) - D:/algor/ram1.sst
File Edit Settings Help
& ALGOR-U
DRAYW
Redraw
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zoom In
zoom Out T i S —F B 55 5 55 58 F o o o o o =T
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Enclose
—--Set w—- !
View |
User view ;
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Define wu i
Jetview |
lasT vu

1Help2Undo

==l x|

Displacement

1.8209

1.5607

— r 1.3008

t 1.04058
0.78037
0.52025
8.26012

3Inp
5Cur
7Big
9Top

LSnap
65wtc
8Menu
Bhraw

Hode 1: 2 Frequency = 11.4419 (radstime) 1.8218 (cycles/time)
Display Range : Min=©, Hax=1.82887

File:rami S=H LC 1/ 18 Uu= 2 X=-0.35 ¥=0.88 2=2_82

}tlstart| W ALtaCAD 20.. | 'MMathcad-[d...I 14 Total Camm... | 5 RM - (2} pr. | § SYIEW Text | 4 Superview .. @Fncharts-P...| - Clipboardiz | PL

Postac druga

Superview (Linear Stress) - lgor/rami.sst
Fle Edit Settings Help
# ALGOR-U
LOAD CASE
Prev T
Hext T <

Initial
First
Hiddle

Last

1HelpZUndo

<« it ™ on:26

15[ x|

Displacement

2.1426
1.8365
~ r 15304

3Inp
SCur
7Big
9Top
Hode
Disp

File

i# 5tart| W AutoCAD 20.‘.| 'MMathcad-[d..‘l 124 Tkl Comm, .. | 5 rM - [2}pr. | § SvIEW Text . ” § superview .. @Fncharts-P‘..l B Clipboardoz .. |

4Snap

6Hsutc

8Menu

abraw

2: @ Frequency = 58.08511 (rad/time) 9.5574 (cycles/time)
lay Range : Min=8, Max=2.14255

crami S5=M LC 2/ 18 Uu= 2 X=1_82 Y=0.00 Z2=1.56

« 38 2 zoz7




Postac trzecia

Superview (Linear Stress) -
File Edit Settings Help
& ALGOR-U
LOAD CASE
Prew
Hext
Initial —
First
Hiddle
Last 3

1Help2Undo
3Inp 4Snap

5Cur 6Swtc

7Big 8Menu

9Top BDraw

Hode 3: 8 Frequency
Scale = 2.3%e-0m

121.4251 (radstime)

==l x|

Displacement

1.7457
1.4946
~— + 1.2455
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0.4982
8.2491

19.3254 (cycles/time)
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Postac¢ czwarta
Superview {Linear Stress) - D:/algor/ram1.sst ;Iilll

File Edit Settings Help
:u:LnG?:';;LE' Displacement
P o
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Warunek ortoganalnosci drgan

mlAllAlz + m2A21A22 + m3A31A32 + m4A41A42 =-5.684 x 10_ 14kg SpraWdzenie pOStaCi 1i2
m1A12A13 + m2A22A23 + m3A32A33 + m4A42A43 =3.979x 10 lzkg sprawdzenie postaci2i3
Metoda Dunkerlaya wy = 11.442 1
S
1
(.A)D =

z (m;-5)

i

1

W = 1
D- wy=11.182—
Jmidpy + mo-dyy + my-dsy o+ my-dygy D s
Metoda Reyleigh'a wy = 11.442l
S
Epmax P:=
WR =
E
k Pl =
P2 =P
1
Epmax = ;((Pl-Yl + Py Yy + Py Y + P4~Y4)) P=P =P, =Py Py P
E = Y2 Y2 Y2 Y2 =Y-si P4t
kmax — E ml 1 + mz 2 + 1'1'13 3 + m4 4 y(t) = Y-sin-w-t
2
. _ -5s
2
. _ —-6S
2
. _ -5s
2
. _ -5s
1 1 s2
E = —+(P;-Yy + P5-Yy + P5-Yr + P, Y E =——
: "1 2°12 3°13 414
pmax-= ( ) pmax 85350 kg
1 2 2 2 2 1 S4
E::—-(m~Y + MYy +my-Yry +my Y ) EL=——"—"—
LS T A e e k™ 12504494 ke
E
) pmax 1

Ek S



Y| =3367x 10 e

my-dyp+mydyjpy+mydyz+mydy

?

Y, =9.795x 10 i

Y3 =-2575x 10 s

é@
1]
)
A
(98]
I
+
=
]
o,
(98]
[\S]
+
=
w
o,
(98]
(98]
+
£
o,
(98]
S

)
)
)
= ) Y4 =3.001x 10 s’

my-dgp + my-dgp +m3-dyz + my-dgy

§5

(

Yaj= (mpdyp + my-dyy + my-dyz + my-doy
(
(

40 2
Fpimani= (M17Y1 + M Yp + m3-Y3 + my-Yy) pmax = 7S ke
1
Epmax 1
WR= wg = 12378 —
Ek S
Sprawdzenie zakresu czestosci
1 1 1
wp =11.182— wy =11.442— wr = 12378 —
S S S
Drgania Wymuszone
. A 30
liczba obrotéw silnika n=—
S
czestosc kolowa wymuszenia ®:=2-tn © = 188.496 1 [rad/s]
S
masa wirnika mw = 40-kg
mimosréd ew = 2cm
amplituda drgaih wymuszonych PO := mw- ew.@2 PO = 28.424-kN
Sprawdzenie rezonansu
s . 1 1 1
1 czestos¢ drgan wiasnych wy =11.442— 0.9-w; =10.298 — L.l-wy =12.586 —
S S S
s . 1 1 1
2 czestos$¢ drgan wiasnych wy =60.051 — 0.9-wy = 54.046 — 1.1-wy = 66.057—
S S S
s . 1 1 1
3 czestos¢ drgan wiasnych wy =121.427— 0.9-w3 =109.284 —  1.1-wy = 133.569 —
S S S
s . 1 1 1
4 czestos¢ drgan wiasnych wy =261.175— 0.9-wy =235.058—  1.1-wy =287.293 —
S S S
czestos¢ drgan wymuszonych © = 188.496 1

S

Czestos¢ dragan wymuszonych nie pokrywa sig z zadng czestoscig drgan wiasnych.
Nie grozi rezonans.



Wyznaczenie sit bezwladnosci
Alp = dy;-P0=0.084m

AZp = dpyP0=0.036m

A3p = dy3-P0 =-0.068m

Uklad réwnan
1
dyp - 5 dip di3
1
dyg dyy - 5 dp3
1
d3; d3p d33 - 5
dgy dgp dy3 dgq -
1
dip - dip di3
1
dyg dyp - 5 dp3
WS = .
d3; d3p d33 - 5
dgq dgp dy3
0.014 2.054% 107 ° -0.012
2054% 10> 111x 10 > —2385x 10 °
WS =
-0.012 2385% 10 ° 9.732x 10 °
0011  2939x 10> —-8914x 10 °
Ay,
A
2
WP = - P
Ay,
Ay

Wektor rozwigzan uktadu

B:= WS L.wp

1

dgq -

0.011

2.039% 107> m

8914x 107" kN

3

9487 x 10

—-0.084
—-0.036
0.068
—-0.084

26.32

17.472
—19.447

—13.052
kN



Obliczenie sit statycznych

Przyspieszenie ziemskie

Ciezar 2 masy

Ciezar 3 masy

g=9807—
SZ

G2 = my-g=1961-kN
G3 = m3-g=2.452-kN

PO = 28.424-kN

Momenty statyczne

3 4
Mst(max) = MB2-(P0 + G1) + MB3~(EG2j + MB4~(EG2j

3 4
Mst(min) = MB2-(—P0 + G1) + MB3~(EG2) + MB4~(EG2)

punkt MB1 MB2 MB3 MB4  |Mstimaz)| Mst{min)
[m] [m] [m] [m] [kNm] | [kNm]
A 0 0 0 0 0 0
E 4 0 3.2 24 0 0
C_ |3714286 | 1428671 | -257143 | 24 |44 33351 | -36.8779
D |1714286 |0,857143[ 177143 | 24 | 28,14729 | -205796
E  |0857143|0,428571 |0,364286 | 12 | 1591302 | -8.45041
F 0 0 0 0 0 0
RYSUNEK
{:: ‘rPn
‘!751 J;,G,
3/56 | et
1/56)) /56
A SCHEMAT Mstat(max) A A SCHEMAT Mstat(min)

44,33kNm

15,87kNm

Mstat(max)

—36,8BkNm

—20,58kNm

A Mstat(max)

A



Momenty dynamiczne

3 4
MDI = MB1-B1 + MB2-(P0 + G1 + B2) + MB3-(;G2 + B3) + MB4-(EG2 + B4)

3 4
MD2 = MB1-B1 + MB2-(-P0 + G1 + B2) + MB3-(;G2 - B3) + MB4-(;G2 + B4j

3 4
MD3 = MB1--B1 + MB2-(P0 + GI - B2) + MB3-(;G2 - B3j + MB4~(;G2 - B4j

3 4
MD4 = MB1--B1 + MB2-(-P0 + G1 - B2) + MB3-(;G2 - B3j + MB4~(EG2 - B4j

punkt MB1 MB2 MB3 MB4 M1D M2D M3D M4D Mmax | Mmin

[m] [m] [m] [m] [kNm] | [kNm] | [kNm] | [kNm] | [kNm] | [kNm]
A 0 0 0 0 0 0 0 0 0 0

B 4 0 3.2 2,4 2,6968 | 2,6968 | -2,6968 | -2,6968 | 2,6968 | -2,6968

C 3,714286 | 1,428571| 2,57143 | 24 31,847 | -49,3644 | 56,82003 | 24,3914 | 56,82003 | -49,3644

D 1,714286 | 0857143 | -1,77143 | 2,4 | -15,5433 | -64,2702 | 71,83791 | 23,11106 | 71,83791 | -64,2702

= 0,857143 | 0,428571] 0,364286| 1,2 15,9077 | -8,45573 | 15,91833 | -8,4451 | 1591833 | -8,45573
RYSUNEK 0 0 0 0 0 0 0 0 0 0




A OBWIEDNIA



Wymiarowanie konstrukcji

J=2x 10 °m?
2
Wx = % = 400~cm3 J=2x 103~cm4
Mst := 44kN-m MD := 81.837-kN-m
fd = 355-MPa

naprezenia
Mst
Oy = |— o = 110-MPa
st Wx st
MD
o = |— o =204.593-MPa
dyn Wx dyn

O'St<fd:1

O'dyn< fddyn: 1

warunek spetniony

warunek spetniony



+ 1.0

27e-291 0.0015585457197518072671 + 4.7726084765871214227¢-291)






