in23s= ClearAll["Global™ %x"];
SetDirectory[NotebookDirectory[]];

Prutova soustava v
pruznoplastickém stavu
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Popite napéti v prutech pfi riistu sily F. Uréete zbytkova napéti po odlehéenti ze sily F1 = PMLEM2

2



2 | prutovka.nb
nizssi= cisla = {a -1, S-10™%, E> 2.1 10, ok » 200 105};

Reseni

m Elastické reseni

Rovnice rovnovahy

R, AN, N,

out[239]= X
X I ]3
in240= PPEX = RX == @}
rrEy = Ry + N1 + N2 - F - N3 == 0;
rrEM = 2N1 - 2F + 4N2 - 4N3 == 0;

Fyzikalni rovnice

N12a

n243= FrE1 = All == ;
ES

N22a

frE2 = Al2 == H
ES

N33a

frE3 = Al3 == H
ES

Deformacni rovnice

in246:= drE1
drE2

2 Al1 == A12;
Al3 == —Al2;

ReSeni soustavy s napétimi jako nezndmymi
Misto sil dosadim napéti, tj N;= S g;

ine4s= soustavaE =
{rrEx, rrky, rrM™m, frei, fre2, fre3, drkEl, drE2} /. {N1 - Sol, N2 > S o2, N3 » S 03}

out[248]= {RX::Q, -F+Ry+So01+5S02-S03 =0, -2F+2S0l1+4S02-4S03 =20,

2ao0l 2a02 3ao3
All == , Al2 = , Al3 = » 2011 = 712, A13 = -nl12}
E E E




inz49= reseniE = Solve[soustavaE, {ol, 02, 03, Rx, Ry, All, A12, A13}][[1]]

3F 6F 4F
Out[249]= {01% —y 02> —,03->-—,Rx->0,
23S 23S 23S
10 a a 12aF
Ry » —, All > , A12 > , A13 > - }
23 23SE 23S E 23S E

Urceni nejvétsiho napéti a stanoveni FE

inesor= napetiE = {ol, 02, 03} /. reseniE
3F 6F 4F

3 » - }

23S 23S 23S

Out[250]= {

Nejvétsi je evidentné napéti g2, ur¢im FE:

in2s11= FE = F /. Solve[ (02 /. reseniE) = ok, F] [[1]1]
23S ok

out[251]=

Napéti v prutech v elastické oblasti

out[254]=

prutovka.nb
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m Elastoplastické reseni 1 (F > FE)

Rovnice rovnovahy

in2s5:= PrEP1X
rrEPly
rrEP1M

Rx == @;
Ry + N1 + N2 - F - N3 == 0;
2Nl - 2F + 4N2 - 4N3 ==0;

Z|m
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Fyzikalni rovnice

N12a

ni2se)= FPEP11 = All == 3
ES

N33a

freEPl12 = Al3 == H
ES

Deformacdni rovnice

inzeo;= drEP1 = 2 A1l == -Al3;

ReSeni soustavy s napétimi jako nezndmymi

Za silu N2 dosazuji (S gk) !

n2611:= soustavaEP1l =
{rrEP1x, rrEPly, rrEP1M, frEP11, freP12, drEP1} /. {N1 > S ol, N2 » S ok, N3 » S o3}

out[261]= {RX:: , —-F+Ry+Sol-So3+Sok=29,

2a0l 3ao3
-2F+2S01-4S03+4Sok =0, All = , AL3 ==
E E

» 2011 = -nl3}

inz621= reseniEP1 = Solve [soustavaEP1, {ol, o3, Rx, Ry, All, A13}][[1]]
3 (F-25Sok) 4 (F-25ok)
——, 035 - ————

out[262]= {01 - ) , Rx > 0,
115 115
1 6a (-F+2Sok| 12a (-F+2Sok)
Ry+—<4F+350k>,Alle— , A13 > }
11 11SE 11SE

inzes= napetiEP1 = {01, ok, 03} /. reseniEP1

3 (F-2Sok 4 (F-2Sok
Out[263]= {%,O‘ ) —%}
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Urceni nejvétsiho napéti a stanoveni FM1

Graf pro uréeni nejvétsiho napéti pro F>FE

MPa

Out[266]=

L £
100000V

™~

Z grafu je zifejmé, Ze ze zbyvajicich dvou elastickych prut dosahne nejprve prut Cislo 3 napéti -ak.
To umozni stanovit silu FM1

nzen= FM1 = F /. Solve[ (03 /. reseniEP1) = -ok, F|[[1]]
19 S ok

Out[267]=
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Graf napéti pro F<FM1

MPa

Out[268]=

m Elastoplastické reseni 2 (F > FM1)

Rovnice rovnovahy

in269= PPEP2X = RX == O}
rrEP2y = Ry + N1 + N2 - F - N3 == 0;
rrEP2M = 2N1 - 2F + 4N2 - 4N3 == 0;

ReSeni soustavy s napétimi jako nezndmymi
Za silu N2 dosazuji (S gk), za silu N3 dosadim (-S k)

ine72= soustavakEP2 = {rrEP2x, rrEP2y, rrEP2M} /. {N1 » Sol, N2 - S ok, N3 » -S ok}
outiz72)= {Rx =@, ~-F+Ry+Sol+2Scok =0, -2F+2S 0l +8Scok =0}

in273= reseniEP2 = Solve[soustavaEP2, {ol, Rx, Ry}][[1]]

“F+4Sok
out[273]= {01% -—, Rx >0, RyeZSok}
S

ine74;= napetiEP2 = {ol, ok, -ok} /. reseniEP2
-F+4S ok

out[274]= {— f‘, ok, —ok}

Z|m
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Stanoveni FM2

nersi- FM2 = F /. Solve[ (ol /. reseniEP2) = ok, F|[[1]]

oue7s1= 5 S ok

Graf napéti

MPa

out[278]=

m Odlehceni

SilaF1

FM1 + FM2
2

ne79r= F1 =

39 S ok

out[279]=

Hodnoty napéti, z nichZ se bude odlehcovat

inzsoi= konec = napetiEP2 /. F » F1

out[280]= {E‘, ok, —ok}
8
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out[281]=

In[282]:=

out[282]=

In[283]:=

out[283]=

out[284]=

Out[285]=

In[323]:=

out[323]=

In[324]:=

out[324]=

Graf napéti, sila, z niz se bude odleh¢ovat

Z|m
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Uréime smérnice Car v elastické oblasti grafu
smernice = napetikE /F
3 6 4
oo o)
23s° 235 235S

Pri odlehcovani se pohybujeme po téchto smérnicich. Rovnice odpovidajicich primek tedy jsou
tyto.
olodl = smernice[[1]] F + olzb

c2o0dl = smernice[[2]] F + 02zb
o30dl = smernice[[3]] F + 03zb

+olzb
23S

+02zb
23S

4 F
- +03zb
23S

Zbytkova napéti musime urdit tak, aby primky prochazely body odpovidajicimi sile F1

zbykova = {Solve[olodl == konec[[1]], olzb][[1, 1]],
Solve[oc20dl == konec[[2]], o2zb][[1, 1]],
Solve[o3o0dl == konec[[3]], o3zb][[1, 1]]1}

-24F +161S ok -6F +23S 0k 4F -23S ok
{olzbe -, 02zb> ————, 03zb > 7}

184 S 23S 23S
ozb = {olzb, o02zb, o03zb} /. zbykova /. F -> F1
11 ok 25 ok 7 ok

(= . J

46 92 46

23R



In[325]:=

out[325]=

out[328]=

ozb .
— /. cisla//N
10°

(47.8261, -54.3478, -30.4348)
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