nz7op= ClearAll["Global™ "]

Plasticita - prutova soustava

Toto je pouze feSeni v matematickém sw, vyklad k nému probéhl na cviceni 6.3. 2020.
T.Hrus

ne7i= cisla = {a +3,b>4,c->8.5,5-520:10%, E » 2.1 « 10, ok - 500 196};

‘pro- delky = {11 > b, 12 5 \/a2+ b? , 13—»\/a +c}

trig = {Sin[B] > b , Cos[B] » —, Sin[y] » —, Cos[y] - —}
12° 12 13

in2741= rrl = {
o3SCos[y] +Rx+02SCos[B] =0,
03SSin[y] +Ry +02SSin[B] +olS - F ==
03SSin[y]a-o02SSin[B]a-o0lS2a+ Fa=
}s

ne7si= fFrl = {

ol
All == — 11,

E

o2
Al2 == — 12,

E

o3
Al3 == — 13

E

}s

nezep= drl = {
All == 2ag¢,
Al2 == a¢@Sin[B],
Al3 = -a@Sin[y]
}s

ne77i= rcel = Join[rrl, drl, fri]

out[277]= {Rx+SoZCos[B] +So3Cos[y] =0, -F+Ry+Sol+S02Sin[B] +So03Sin[y] = 0,
aF-2aSol-aSo2Sin[B] +aSo3Sin[y] =0, All==2a¢p, A12 =a¢Sin[A3],

. 1101 12 02 1303
Al3 = —a@Sin[y], All = , Al2 = , Al3 = }
E E E

nz7ei= rcel // TableForm

Out[278]//TableForm=
Rx +S o2Cos[3] +So3Cos[y] =90
-F+Ry+S0l1+S02Sin[3] +S03Sin[y] == 0
aF-2aSol-aSo2Sin[B] +aSo3Sin[y] == 0
All =2agp
Al2 == apSin[f]
Al3 == —a @ Sin[y]

All = 1101
E

Al2 - 12 02
T E

Al3 == 1303
E
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n27o;= neznl = {Rx, Ry, ol, 02, o3, All, Al2, Al3, ¢};

inesoj= Length[nezn] == Length[rce]

outso= True

nes1= resl = Solve[rcel, neznl] [[1]]

F11 (13 Cos[B] Sin[B] - 12Cos[y] Sin[y])
out[281]= {RX - - N
41213+1113Sin[3]2+1112Sin[y]?

2F (1213 +1112Sin[y]?)

2F1213

Ry — , 01>

41213+1113Sin[3]2+1112Sin[y]? S (41213+1113sin[B]2+1112Sin[y]?)

F1113Sin[A3]
02 - J

S (41213+1113Sin[B]2+1112Sin[y]?)

F1l112Sin[y]
03 - - R

S (41213+1113Sin[B]?+1112Sin[y]?)

2F111213
All > 5

SE (41213+1113Sin[B]%+1112Sin[y]?)

F111213Sin
Al2 » 5] )

SE (41213+1113Sin[B]%+1112Sin[y]?)

F111213Sin
Al3 - - L] R

SE (41213+1113Sin[B]%+1112Sin[y]?)

F111213
© - }
aSE (41213+1113Sin[B]2+1112Sin[y]?)

inzs2i= ol /. resl
2F1213
S (41213+1113Sin[B]%+1112Sin[y]?)

out[282]=

iness= napetil = {ol, 02, 03} /. resl /. trig /. delky /. cisla
outzs3)= {20380.7 F, 6521.82F, -4264.27 F}

ines4= Plot[napetil, {F, 0, 200000},

GridLines -» {None, {-ok, +ok} /. cisla}, PlotLabels -» {"o1", "02", "03"}]

4x10°

3x10°%

2x10%

out[284]=

1x10°f

-1x10° |

nizes;- FE = F /. Solve[ (ol /. resl /. trig /. delky /. cisla) = (ok /. cisla), F][[1]] // N

out2ss= 24533,

50000 100000 150000 200000

a1

g2

g3

3



In[286]:=

out[286]=

In[287]:=

out[287]=

In[288]:=

out[288]=

In[289]:=

Out[289]=

In[290]:=

Plot [napetil, {F, @, FE}, GridlLines - {{FE}, {-ok, ok} /. cisla},
PlotLabels » {"o01", "o0y", "03"}, ImageSize - Large]

5x 108
4x108 |
3x108 |
2x108 |

1x108

-1x108 |

rr2 =rrl /. {ol » ok}

{Rx+So02Cos[B] +So3Cos[y] =0, -F+Ry+Sock+S02Sin[B] +S03Sin[y]
aF-2aSok-aSo2Sin[B] +aSo3Sin[y] = 0}

dr2 = drl

{All =2a¢, Al12 =apSin[B], A13 = -a@Sin[y]}

fr2 = fri[[2;;]1]

12 02 1303
{p12 = , Al3 =
E E

}

rce2 = Join[rr2, dr2, fr2]

a2

a3

)

Out[290]= {RX+SOZCOS[B] +So3Cos[y] =0, -F+Ry+Sok+Soc2Sin[3] +So03Sin[y] == 0,

In[291]:=

out[291]=

n[292]:=

out[292]=

aF-2aSok-aSo2Sin[B] +aSo3Sin[y] =0, All=2a0,

. . 12 02 13 03
Al2 = a@Sin[B], Al3 = -a@Sin[y], Al2 = 5 A13 = }
E E

nezn2 = {Rx, Ry, 02, 03, All, Al2, Al3, ¢}
(Rx, Ry, 02, 03, Al1, al2, 213, ¢}

Length[rce2] == Length[nezn2]

True

prutovka.nb

| 3
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ineesi= res2 = Solve[rce2, nezn2] [[1]]

(-F+2Sok) (13Cos[B] Sin[B] -12Cos[y] Sin[y])
out[293]= {RX% )
13Sin[B]2+12Sin[y]?

-13SokSin[B]%2-2F12Sin[y]?2+312SokSin[y]?

Ry%f 5
13Sin[B]2 +12Sin[y]?
13 (-F+2Sok) Sin[B] 12 (-F+2Sok) Sin[y]
02 > - , 03 > s
S (13sin[B]2+125Sin[¥]?) S (13sin[B]2+12Sin[y]?)
21213 (-F+2Sok) 1213 (-F+2Sok) Sin[B]
All - - , A2 — - ,
SE (13Sin[B]?+12Sin[y]?) SE (13Sin[B]?+12Sin[y]?)
1213 (-F+2Sok) Sin[y] 1213 (-F +2Sok)
Al3 - » O = = }
SE (13Sin[B]%+12Sin[y]?) aSE (13sin[B]2+12Sin[y]?)

in2o4i= napeti2 = {ok, 02, 03} /. res2 /. trig /. delky /. cisla
Out[294]= {seeaeaeae, -35296.5 (20@0@- F) , 23078.5 (290@0- F)}

napetil © < F < FE
napeti2 FE <F

6x10°8 /

4x108

In{295]:= Plot[{ , {F, 0, 40000}, GridLines - {{FE}, {-ok, ok} /. cisla}]

2x108 1
Out[295]=

-2x108 |

—4x108 -

nzee;= FM1 = F /. Solve[ (o2 /. res2 /. trig /. delky /. cisla) == (ok /. cisla), F][[1]] // N
outize6)= 34165.7

Plot[ { napetil @ <F < FE

iz napeti2 FE <F

» {F, @, FM1}, GridLines - {{FE, FM1}, {-ok, ok} /. cisla}]

4x108

2x108 |

out[297]=

15000 20000 25000 30000

—2x108

neos= rr3 = rr2 /. {02 » ok}

outizes)= {RXx +S ok Cos[B] + So3Cos[y] ==0, -F+Ry+Sok+SokSin[B] +S03Sin[y] == 0,
aF-2aSok-aSokSin[B] +aSo3Sin[y] = 0}
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inz991= nezn3 = {Rx, Ry, o3};

C
niz00= res3 = Solve[rr3, nezn3] [[1]] /. {¥ » ArcTan[—]} /. trig /. delky /. cisla // N
a
Out[300}= {Rx - -15882.4+0.352941F, Ry > -46000. + 2. F, 03 > -50000. (-29692.8 + 1.06046 F)}

nso1:= napeti3 = {ok, ok, 03} /. res3 /. cisla

ouo1- {500000 000, 500000000, -50000. (-29692.8 + 1.06046 F ) |

napetil © < F < FE
nzoz= Plot[ ¢ napeti2 FE < F < FM1, {F, @, 1.5FM1},
napeti3 FM1 < F

GridLines » {{FE, FM1}, {-ok, ok} /. cisla}]

5x108 1

30000 40000 50000

out[302]=
-5x108 -

-1x10° |

n3o3= FM2 = F /. Solve[

c
(03 /.res3 /. {y - ArcTan[—]} /. trig /. delky /. cisla // N) = -ok /. cisla, F] [[1]]
a
out303)= 37429.9

napetil © <F < FE
nzo4- Plot[ ¢ napeti2 FE <F < FM1 , {F, @, FM2},
napeti3 FM1 < F

GridLines » {{FE, FM1, FM2}, {-ok, ok} /. cisla}]

4x108

2x108 1

out[304]= _

5000 20000 25000 30000 35000

—2x108

-4x108 |

Soucinitel plast. rezervy

FM2
In[305]:= ——

FE
out3o51= 1.52569
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FM1 + FM2
2

in3os:= Fp =
outz06)= 35797.8

napetil @ <F < FE
In[307]:= Plot[ napeti2 FE<F <FM1, {F, 0, Fp},
napeti3 FM1 < F

GridLines » {{FE, FM1, FM2}, {-ok, ok} /. cisla}]

4x108
2x108 1
Out[307]=
15000 20000 25000 30000 35000
—2x108 |
—4x108
napetil
In[310]:= = —

F
ouzio- {20380.7, 6521.82, -4264.27}

nz13= oFp = {ok, ok, napeti3[[3]] /. F - Fp} /. cisla
oupzz- {500 000000, 500000000, -4.13462 x 10°}

in314:= ozb = oFp - k Fp
oupra; {-2.29584 x 10°%, 2.66533 x 10°, -2.6081 x 10°}
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in3201:= Show [ {

napetil @ <F < FE
Plot| 5 napeti2 FE <F <FM1, {F, @, Fp},
napeti3 FM1<F

GridLines » {{FE, FM1, FM2}, {-ok, ok} /. cisla}]

Graphics|[{
Arrow[{ {Fp, oFp[[1]]1}, {@, ozb[[1]]1} 1}I,
Arrow[{ {Fp, oFp[[2]1}, {@, ozb[[2]1} 1}1I,
Arrow[{ {Fp, oFp[[3]11}, {@, ozb[[3]1} 1}]

1

}]

4x108

2x108 1

out[320]=

15000 20000 25000 30000 35000

—2x 108 [

—4x108

nezn= (PPl /. {01 > ozb[[1]], 02 » ozb[[2]], 03 » 0zb[[3]], F » @} /. trig /. delky /. cisla) //
FullSimplify

ouiz27)= {1462.34 + Rx == @, Ry == 5245.98, False}



