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Metodicky pokyn | vykladovy text s ukazkami

Rovnovaha sil na nosniku
Priklad ¢ .1

Vypocdti reakéni sily v ulozeni podle obrazku, je - li F = 1500 N a rozméry nosniku jsou : | = 1000
mm, a = 300 mm. Dale zjisti, jak se bude ménit jejich velikost v zavislosti na zméné zatizeni v
rozmeziod F =100N azF =6000 N, pfi stavajicich rozmérech nosniku.
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Sestavime si obecné rovnice rovnovahy :

Rovnice rovnovahy : Z Fy=0; Ra-Rg+F=0
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ZMB:O; RA.1+F.a=0

Solve[RA+RB—F== 0, RA]

{{RA%F—RB}}

Solve[{RA+RB-F== 0, RA l+ Fa = 0}, {RB, RA}]
aF

{{RB%F+ al_F, RA%—T}}
Vysledné reakéni sily:

{{Rs - 1950 N, Ry » —-450 N} }
{{Rg - 1950 N, Ra » -450 N} }

clearall [1, a, F]
1=1000mm; a =300mm; F=1500N

clearAll[l, a, F]

1500 N

1=1000
1000

a = 300
300

Nyni se podivame, jak se budou ménit velikosti reakénich sil, v zavislosti na zméné zatiZeni,
méniciho se v rozsahu:

F= 0 az 6000 N v krocich po 300 N. Rozméry nosniku zUstavaji zachovany. Tabulka ukazuje rust
zatizeni. / jednotky sil Newtony- N nutno psat jako “n”! Velké” N “ nefunguje, pocitac si s nim
neporadi.

1=1000; a=300; ftab = Table[n, {n, 0, 6000, 300}]
{0, 300, 600, 900, 1200, 1500, 1800, 2100, 2400, 2700,
3000, 3300, 3600, 3900, 4200, 4500, 4800, 5100, 5400, 5700, 6000}

Takto sestavime rovnice pro kazdé zatizeni zvlast:
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rovnice = Table[{F, {Ra+Rs-F =0, Ra 1+ Fa==0}}, {F, ftab}]
{{0, {(Ra+Rg =0, 1000Ra=0}}, {300, {-300+Ra+Rg==0, 90000+ 1000Ra ==0}},

{600, {-600+Ra+Rg==0, 180000+ 1000Ra ==0}},
{900, {-900+Ra+Rg==0, 270000 + L1000 R == 0}},
{1200, {-1200+Ra+Rg =0, 360000+ 1000Ra ==0}1},
{1500, {-1500+Ra+Rpg =0, 450000+ 1000Ra == 0}},
{1800, {-1800+Ra+Rg==0, 540000+ 1000Ra == 0}},
{2100, {-2100+Ra+Rg =0, 630000+ 1000Ra ==0}},
{2400, {-2400+Ra+Rg==0, 720000+ 1000 Ra == 0}},
{2700, {-2700+Ra+Rg =0, 810000+ 1000Ra == 0}},
{3000, {-3000+Ra+Rg==0, 900000+ 1000Ra == 0}},
{3300, {-3300+Ra+Rg==0, 990000+ 1000Ra == 0}},
{3600, {-3600+Ra+Rg==0, 1080000+ 1000Ra==0}},
{3900, {-3900+Ra+Rg =0, 1170000+ 1000Ra ==0}},
{4200, {-4200+Ra+Rg==0, 1260000+ 1000Ra ==0}1},
{4500, {-4500+Ra+Rg =0, 1350000+ 1000Ra==0}},
{4800, {-4800+Ra+Rg==0, 1440000+ 1000Ra ==0}1},
{5100, {-5100+Ra+Rg =0, 1530000+ 1000Ra==0}},
{5400, {-5400+Ra+Rg==0, 1620000+ 1000Ra ==0}1},
{5700, {-5700+Ra+Rg =0, 1710000+ 1000Ra ==0}},
{6000, {-6000+Ra+Rg==0, 1800000+ 1000Ra ==0}}}

VyfeSené rovnice:

vysl = Table[{res[[1]], Solve[res[[2]], {Ra, Re}]}, {res, rovnice}]
{{0, {{Ra>0, Re>0}}}, {300, {{Ra—>-90, Rg > 390}}}, {600, {{Ra > -180, Rg —» 780}}},
{900, {{Ra > -270, Rg > 1170}}}, {1200, {{Ra—> -360, Rg = 1560}1}},
{1500, {{Ra > -450, Rg > 1950}}}, {1800, {{Ra > -540, Rg » 2340}}},
{2100, {{Ra > -630, Rg > 2730}}}, {2400, {{Ra > -720, Rg > 3120}}},
{2700, {{Ra > -810, Rg » 3510}}}, {3000, {{Ra > -900, Rg -» 3900}}},
{3300, {{Ra—>-990, Rg > 4290}}}, {3600, {{Ra > -1080, Rg > 4680}}},
{3900, {{Ra > -1170, Rg > 5070}}}, {4200, {{Ra > -1260, Rg > 5460}}},
{4500, {{Ra—> -1350, Rg > 5850}}}, {4800, {{Ra—> -1440, Rz - 6240}}},
{5100, {{Ra—> -1530, Rg > 6630}}}, {5400, {{Ra—> -1620, Rz —» 7020} }},
{5700, {{Ra—>-1710, Rg —» 7410}}}, {6000, {{Ra—>-1800, Rg > 7800} }}}

Vysledné reakce :
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vysl // TableForm

0 Ra—>0 Rg—0

300 Ra > -90 Rg - 390
600 Ra »> -180 Rz - 780
900 Ra > -270 Rg—> 1170

1200 Ra » -360 Rg — 1560
1500 RA%fZlSO RB%1950
1800 Ra » -540 Rg —» 2340
2100 Ra > -630 Rg —» 2730
2400 Ra - -720 Rg - 3120
2700 Ra—» -810 Rg — 3510
3000 Ra » -900 Rg — 3900
3300 Ra > -990 Rg - 4290
3600 Ra » -1080 Rg — 4680

3900 Ra - -1170 Reg —» 5070
4200 Ra»> -1260 Rg - 5460
4500 Ra » -1350 Rg - 5850
4800 Ra » -1440 Rs - 6240
5100 Ra - -1530 Rg —» 6630
5400 Ra > -1620 Rg —» 7020
5700 Ra—» -1710 Rg - 7410
6000 Ra - -1800 Rg — 7800

Nyni jsme ziskali velikosti reakénich sil pro vSechny zmény zatizeni. A tuto zavislost sestavime do
grafu.
Body pro graf:
body = (Tooltip|[ ({Ra, Re} /. (#[[2]1]1 // First)), #[[1]] // ToString|) &/evysl
{{0, 0}, {-90, 390}, {-180, 780}, {-270, 1170}, {-360, 1560}, {-450, 1950},
{-540, 2340}, {-630, 2730}, {-720, 3120}, {-810, 3510}, {-900, 3900},
{-990, 4290}, {-1080, 4680}, {-1170, 5070}, {-1260, 5460}, {-1350, 5850},
{-1440, 6240}, {-1530, 6630}, {-1620, 7020}, {-1710, 7410}, {-1800, 7800}}

Znazornéni zmeény prubéhu reakci v grafu:

ListPlot[body, AxesOrigin » {0, 0}, Filling - Axis]
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Jak vidime, zavislost reakci jest linearni a podle grafu si mizeme odecist reakce pro libovolné
zatizeni.

Priklad €. 2

Vypocdtéte velikost reak&nich sil v ulozeni podle obrazku, je - li nosnik zatizen spojitym zatizenim o
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velikosti g = 20 N/mm a osamélou silou F = 850 N. Rozméry nosniku jsou : b = 650 mm, a = 370
mm, | =1140 mm.

| Fq

RA q RB
A X B
_b/2 i Bsis
i b | a
+
) I I
| Fa
RA q RB
A X B
_b/2 i Bsis
i b | a
+
) I I

Statické rovnice rovnovahy :
AL
D Fy=0; Ra-Fq+F+Rs =0

ZMA= 0; Fs.b/2-F.[l-a] -Rzg.1=0

Nejdfive uréime velikost Fg :
Solve [Fs == q b, Fs]

({1500 Ns > b q}}

{{Fs » 13000} }

ClearAll[b, q]
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q=20; b=650
650

b

Solve[{gb —-F {l-a} -Rs 1==0, Ra-q b+F+Rs == 0}, {Ra, Rs}]
2

{{Ra—> 8775-450N, Rg » 4225 - 1050 N} }

Vysledné reakce :

514 025 178525

({(mao 2202 s 220

57 57
ClearAll[a, b, F, q]
q=20; b=650; a=370;1=1140; F = 850

850

Tak a ted v desetinnych Cislech :

b

NSolve[{gb —-F {1-a} -Rs 1==0, Ra-qb+F+Rs==0}, {Ra, Rs}]
2

{{Ra > 9017.98, Rg > 3132.02}}

{{Ra » 9017.982456140351", Rg » 3132.0175438596493"}}

Opét si ukazeme, k jaké zméné dojde bude-li se ménit spojité zatizeni v rozsahu: g = 1 N/mm az do
36 N/mm v krocich po 6 N/mm.

1l =1140; a=370; b=650; F =850, gtab = Table[n, {n, 1, 36, 6}]

{1, 7, 13, 19, 25, 31}

Sestaveni rovnic :
b

rovnice = Table[{q, {q b —-F {l-a} -Rg 1==0, Ra-qb+F+Rs == 0}}, {qa, qtab}]
2

{{1, {{-443250-1140Rg} =0, 200 +Ra +Rg = 0} },

{7, {{824250-1140Rg} = 0, -3700 +Ra +Rg = 0} },
{13, {{2091750 - 1140 Rg} = 0, -7600 +Ra + Rz = 0} },
{19, {{3359250-1140Rpg} =0, -11500 +Ra +Rg = 0} },
{25, {{4626750-1140Rg} =0, -15400 +Ra +Rg = 0} },
{31, {{5894250-1140Rp} =0, ~-19300+Ra+Rp = 0}}}

VyfeSené rovnice :

reseni = Table[{res[[1]], NSolve[res[[2]], {Ra, Re}]}, {res, rovnice}]

{{1, {{Ra—>188.816, Rs > -388.816}}}, {7, {{Ra > 2976.97, Rs > 723.026}}},
{13, {{Ra > 5765.13, Re » 1834.87}}}, {19, {{Ra > 8553.29, Rs —» 2946.71}}},
{25, {{Ra > 11341.4, Rs > 4058.55}}}, {31, {{Ra > 14129.6, Rz - 5170.39}}}}

Znazornéni prabéhu reakénich sil v grafu:
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body = Tooltip[ ({Ra, Re} /. (#[[2]] // First)), #[[1]] // ToString| & /@ reseni
{{188.816, -388.816}, {2976.97, 723.026}, {5765.13, 1834.87},
{8553.29, 2946.71}, {11341.4, 4058.55}, {14129.6, 5170.39}}

ListPlot[body, AxesOrigin -» {0, 0}, Filling - Axis]
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Jak vidime prabéh je opét linearni.

Zaver:

Je zfejmé, Ze pfi vyuZiti rovnic rovnovahy je feSeni velmi jednoduché a nejvic ndm da zabrat ses-
taveni spravnych pfikaz pro WM. Zavislost reakci na osameélych silach je vzdy linearni.

Priklad k procviceni:

Vypoctéte velikost reakci na lomeném nosniku podle obr. zatiZzeného silami F1 = 550 N a F2 = 1680
N, rozmeéry nosniku jsou: | = 950 mm, a = 280 mm. Dale zjistéte, jak se budou tyto reakce ménit,
budeli sila F2 rdst od 0 N do 1680 N v krocich po 80 N. Prubéh muzete vynést v grafu.
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