M =200Nm

a =50mm

b =150mm

¢ =60mm

¢d =30mm

oy =350Mpa
E =21-10° Mpa
G = 80400 MPa, pro ocel
K, =15

Pry =7

Pry =7

¢p =7

oD =?

@

> T ¢
E2 1
3 4 i/jiB,, . © Do
A
>
3 b C ‘
b/2
M
M
B/ /
brc
/ /
Ms
M M
= — M
3 b
M*ME *MC

Mi=0:MB-M=0=>MB=M

M2=0:MA-MB+Mc=0=>MaAa=M -Mc



<

2

_om_
v 0 Mc
3
¢ _ Z Mki .li aW _ 0
C
i=1 O-i .JPi 5MC
0 :i Mk,.-l,..6Mki:M-(b+c).0+(M—MC)-a.(_1)+(—Mc)-b.(_1)20
‘ o 0,y OMc o-Jp o-Jp, o-Jp
:(M—MC)-a_MC b
J py I p
M-a
M, = =50N/
" (a+b) "

MA =M —-MC = 150N/m

Vypocet praméru D

Tk _M, D_ 16M ,-D :>(D4_d4):16MA-D-KK
K, J,, 2 n=-\D*-d* T Ty

16M ,-D-K
D= 4{/# +d =4/6548,09D +d =8,996-3D +30 = 8,996-(‘{/D = 2,45)+ 30 =52mm
Ty



V priméru D je zapocitany 1 soucinitel vrubuer , = 1,585, takze primér D podélime o .

p =L 32 5 emm
o, 1585

M(DD’(DEU(DEZ

4 4
Ty =4 730 29501 6mm?
32
4 g4 ) 4 qpnd
P (D% —d*) _7-(328°=30°) ) 00
32 32
%:M-(b+c): 200000-210 _ o 05 180 _ 10
o-J,  80400-795216 7
m, b
o - Maza "7y 150000-50  200000:75
"G, o-J, 80400-34109  80400-795216
b
M.~
o =2 S0000-75 00 180 oen

o-J,, 80400-34109 P

=2,735-107"-

180
—+
v

2,346-107 -

180 =0,2911"
V4



M, =150Nm
M, =200Nm
a =150mm

b =100mm

c =300mm

e =100mm
f=150mm
o =350Mpa
E =21-10° Mpa,G = 80400 Mpa
K, =?

p. ="

Py ="

¢, ="

M, >M,

dM=-Ma+M,-M,+Me=0



_7Z-D4 _7z-40mm4

Jpy = =251327mm"
PA 32
4 4
g, = A m30mm e S lm
32
J e =J pp =79251mm”
odt . 4
Ty = 33 3

32

Céaste¢né uvolnéni ¢, =0

150000 Nmm -100mm 150000 Nmm - 300mm 150000 Nmm - 100mm (200000Nmm + 150000Nmm) -150mm
+ + +

_ 251327mm” 7925 1mm™ 147323mm* 147323mm
150mm 100mm 300mm 100mm 150mm
4 4+ 4+ 4+ 4
251327mm 251327mm 79521mm 147323mm 147323mm

=167950,5949 Nmm = 168 Nm

M, +M,-M,+M,=0=Me=M, — M, + M, =168Nm —150 Nm + 200Nm = 218Nm



M 168000 Nmm
. Ra :—4
I, 251327mm

-20mm - 1,75 = 23,39Mpa

M,-M -
g Ma=M, o, 150000Nmm ~168000NmI 1< 454 o
g 7925 lmm
M,-M -
[ Mo =M, g, 150000Nmm —168000Nmm s s s 1y,
Jpe 79251mm
M
r = Me g g - LO8OONmm g g 1,75 = 34.92Mpa

= o= Z
J g 147323mm

Ty =0 /2=350Mpa/2 =175Mpa

K - Tk _ 175Mpa .
ot 3492Mpa
0, :ZS: M, -1, :+(M2 _Ma)'c n (Mz _Ma)'e + (Mz -M, +M1)'f _
o G -J, G-Juy G-J,p G-Ju
(150000 Nimm — 168000 Nmm ) - 300mm . (150000 Nimm — 168000 Nimm) - 100mm . (150000 Nmm 168000 Nimm + 200000 Nmm) - 150mm
80400 Mpa - 7952 1mm ™ 80400 Mpa - 147323mm ™ 80400 Mpa - 147323mm™
~1307-10" 2 mm
2
0 :z M, -1, :+(M2 _Ma)'e+ (Mz -M, +M1)'f _
m G Jy G- Jpy G- Jpg
(150000 Nimm — 168000 Nmm )-100mm (150000 Nmm — 168000 Nmm + 200000 Nmm )-150mm
80400 Mpa - 147323mm " 80400Mpa - 147323mm ™
=2153.10 3 mm
¢A zi Mki 'li :_Ma a + (M2 _Ma)'b + (MZ _Ma)'c + (MZ _Ma)'e_i_ (MZ _Ma +M1)'f —
G Jp G-Jp, G-Jp, G- Jpy G- Jpg G- Jp
— 168000 Nmm - 150mm (ISOOOONmm - 168000Nmm) - 100mm (ISOOOONmm - 168000Nmm) - 300mm (ISOOOONmm - 168000Nmm) - 100mm
= + + + +
80400Mpa - 251327mm4 80400 Mpa - 251327mm4 80400 Mpa - 79521mm4 80400Mpa - 147323mm4

(150000Nmm — 168000 Nmm + ZOOOOONmm) - 150mm _5
+ =-2919-10 mm

4
80400Mpa - 147323 mm

O =0, +0, + 0. =-2919-10"mm+1307-10 > mm +2,153-107 =3,431-10 > mm



N 7

BN AN

s [ 0 d,=8mm
/ a=0,8m=800mm
b=0,2m=200mm

obecnd vazba @ q=500N1’1’1
@/ E=2,1.10°Mpa
d 1=0,5mm=500mm

i ox=200Mpa
e S$,=50,26mm”
B=50mm
H=10mm
3 3
4= BZ = IOI;O =22500mm* =2,25-107"
J P4 Q4

S,=n-R* =7x-0,004% =50,26mm> = 5,026-10"° m*

) F
C.U. )
#
I |
1
LN TN T
., I |
T . J,-t
| -
|
[T
W, =u,
|
o [TTIIE
2
—q-x —g-x
M, = 21-1: 21 x, €(0,b)



ol :0 oll =(x _b
oF, oF, (v, =)
b a+b
oM oM
WB:aW:L'[J‘Ma/ o dx, _[Mau' o dxz}:
oF, EJ |3 » 3 OF
1 a+b 22q
:E J‘ x,F, —bF, , = (x2 —b)abc2 =
b
1 a+b 3 q X bq
== I(x22F3+bx2FB— 2L —x,bF, + 2 jdzz
b
1 x, ! x, F x, b e
-2 {— 28 7. 23 E by, Fy + x,b°F, + =2 q} =
b
4 3 3
. ! 8500+1fﬁ‘—0,2-12-FB+1-0,22FB+—1 0,2 5OO+
= —- =
EJ .10 . 23 F 3. .
+1,6 10 -500 _O, » +0’2'0922'FB_0’2'0922FB+0’2 0,2-500

8

=L [0.170733333 F, - 46,37]
EJ

uB=aW2— N1 _Fyl

oOF, E-S, E-S,

L [0170733333F, —4637)= !
E-S,
1

yl

1

-[0,170733333F, —46,37] = = (9948,26F,,)

yl

—9948,26F, +7588148F, = 2060888889

F, =272N



Kontrola MSP v prutu 1

2
a

M, =29 _F -a+b-q(a +2j:160—217,6+90:32,4N-m = 32400 Nmm
2 2

Y, H
45 .
o, = 2 320015 ompe k=% =290 _ 955 nenastane MSP
J 22500 o, 2L6
Kontrola MSP v prutu 2
F
oc=-—"L= 271 1,34MPa << o,,,  nenastane MSP
S, 201 ———
Kontrola MSVS v prutu 2
a*-E-J, =n-E-J 2.21-10° -
a=" F = : 2 _ 2y2:7[ 2,1 102201:417N
2 / 4.1 4-500 E—
417 , . o
=>F,<F =k=—-=15= nenastane Mezni stav vzpérné stability

272



Diferencialni ohyb

Zadani:

I i — 1I
F
T
X

a b o

; B Ty

3

E

a=0,8m, b=0,2m, ¢=0,1m, B=0,01m, H=0,02m, F=130N, g=500Nm, 6;=320Mpa, E=2,1.10°MPa

o(4)=2, 9(B)=2, ¢(C)=?, Winax=?

Uplné uvolnéni + rovnice rovnovahy:

I II — III
2 F
Fax
K a b c
—
H.z Fe

NP:{FAx’FAz’FB’FC}

1|

s=u—-v=4-3=1 — tlohaje 1x staticky neurc¢ita

Rovnice rovnovahy:

ZFX:FA)::O
XF, :~F, ~F,~F, +F+qa=0

M, :—qa(%+b+cj+FB(b+c)—F.c+FC.O:0

Casteéné uvolnéni + Castiglianova véta:

I 11 — 1I
F
T

a b C
——
TTIRETTITHT T Fe

Castiglianova véta:




M . oM .
. _ — — Z J. ol ol l
oF, g EJ, oF,.
Uréeni momentu:
s

3

(’
o

M, =F.xy,

=|

M, =F_.x, —F(xH —c)+FB(x, —b—c)—qa[x, —%—b—cj

oM, oM , oM ,

X
oF, ' oF, "

|ﬁ



a+b+c b+c
M 0.
We :( .[ EJ dx; + J- X dxy +,[ EJ[U X dX ]:

b+c y y y

1l qa(x, b—c—;j+FB(x1 ~b—c)-F(x, —c)+ F.x,

X, dx, +
) B,
0,3 0,1
F.x, —Fx, +F o F
J- ol i XH cx11dx11 + J. gjm X dxyy =
0,1 y 0 y
r 1,1
_ 1 —qax; N qabx; N qacx; N qa’x; N Fyx; B F,bx; B Fyex; B Fx; N Fex; N F.x; N
EJ 3 2 2 22 o

y L

2 2 3 2 3
1

3
B 3 3 2 %3 3 7%

N 1 ch,,_Fx,1+ch,1 N 1 | Fxy,
0,1 EJ 0

EJ 3 3 2 3

y L

_ 1 -51,2 N 0,8 - _ 1,136F+ 1,304 F. |+ 0,026 F.- 0,014F N O,OOIF
i 3 3 3 3 3 3 3

1 -51,2 N 0,8 : _1,136F+ 1,304 Fo |+ 0,026 F. _0,014F N 0,001 _0
EJ, 3 3 3 3 3 3 3

-512+0,8F, —LL149F +1,33F_. =0

Castiglianova véta + rovnice rovnovahy (soustava 3 rovnic o 3 neznamych):

Ze zadani: F=130N

1.)-51,2+0,8F, —1,149F +133F. =0
2400-F, +F - F.—F, =0
3.)-280+0,3F, —0,lF =0

4)F,. =0
ze 3. rovnice: F, = 280+0—();)1130 =976,66N
2 1. rovnice: F. = 1,149.130-0,8.976,66 +51,2 _ _436,66N

1,33
ze 2. rovnice: F, =400-976,66+130+ 436,66 = —10N



Rovnice priuhybovych ¢ar:

.M, 1 4
w,=——"%=——|-Flx,-b—c)+F\x, —c)-F.x,+qa| x, -b—c——
1 EJ, EJy( (1 ) (1 ) cXr 9[1 >
: 1 (-F,x; Fx? F.x2 2 2
W =—-" —B)Cl"'FBbx] + Fyex, + al —Fex, - i +—qax1 —qabx, —qacx, L +¢
EJ, 2 2 2
W, = 1 (-F,x; N F,bx; N Fyox; N Fx; B Fex; B F.x; qax, B qabx; B qacx; B qa’x; rex, +e,
EJ, 6 2 2 6 2 6 6 2 2 22
.M, 1
W”:—Fly[:Ein(—FCXH-FFXH—FC)
2 2
W}I = : _FCXH + Py - Fex,, +c,
EJ,\ 2 2
1 (-F.x, Fx, Fex;

. M 1
Wi =——a :7(_ chm)

EJ}, EJy
‘ 1 ch1211
Wy =——| ————+c¢
11 EJy [ 5 5
1 (-F.x
Wi _EJy[ g = +Cs Xy +C6J

Okrajové podminky:

1.w,=(x, =a+b+c)=0

2. w, =(x, =b+c)=0

3. w, =(x,, =0)=0

4wy, =(x,; =c)=w,(x, =c¢)
5wy =5y =)= wyy (1 =)

6. w, =(x, =b+¢)=0

Vypocet integra¢nich konstant:

Dosazeni do okrajovych podminek:

—216,66+118,176 + 59,09 + 28,84 — 7,865 + 96,866 + 88,73 — 48,4 — 24,2 -96,8+ 1,1c, + ¢, =0

1.
) 22034 10e, +¢, =0




) 1905 +195-0,585+03¢; +¢, =0
) 333103¢,+¢, =0

3) ¢, =0

0,0728 +0,1c, = 0,0728 +0,2166 — 0,065+ 0,1c; +c,
) 01516+ 0,lc, —0,lc, —c, =0

2,183+0,65-1,35+¢c, =2,183+c;
7 =0,74+¢c;+¢,=0

o) ~439 48794439+ 0.585-0,585-196 +1.8-3,6-18-7.2+03¢, ¢, =0
) _3074+03¢,+¢c, =0

zrovnice 1.) — ¢, =2,223-1]c¢,

1,747

¢, dosadim do rovnice 6.) —3,97+0,3¢, +2,223-1,1lc, =0 > ¢, -2,184

b

dosadim ¢, do 1.) — ¢, = 2,223 —1,1(-2,184)=0,179

z5.) vyjadiim c; = ¢, +0,7 a dosadim do 2.) a 4.) — dostanu 2 rovnice o dvou nezndmych:
~0,1516+0,lc; —0,1(cs +0,7)—c, =0
3,33+ 0,3(c; +0,7)+c, =0
e, - —3,33-0,21+0,2216 _ 1106

0,3
—c, =—0,2216

dosadim c;do 5.) = ¢; =—-10,36

Prihvby a natoceni:

wh o=, (x, = % +b+ cj = ﬁ( —55,8+47,856+23,93+ 7,433,185+ 24,96 + 22,866 —19,6 —
y

~9,8-39,2-1,5288+0,179 )= ﬁ(— 1,8928) = —0,001502mm

1 1
w2, =w,(x, =c)= ﬁy( 0,07277-1,106 )= %(— 1,03323) = —0,00082mm

Wy = max{w! w2, J=—0,0015102mm

m




0, =w(x, =a+b+c)=ﬁ( —590,88+ 214,86 +107,4 + 78,65 — 14,3 + 264,2 + 242 — 88 —
Yy

~44-176-2,184 )= Z8258 _  .00655rad
1260 ————

, ! 11,24
—w, (x, =b+c)=——( 19,65+585-39-10,36 )= =0,00892rad
¢B 11( 11 ) EJ( ) 1260

y

P =Wy (xm = 0) = L( -11,06 )= —110¢ =—-0,00877rad
EJ 1260 =——————

y



L 4L q= 200Nm"'
g z
o L I F=1000 N
Nk o ool
oA SR | P = 400mm
> E =21%10"MPa
by
e o, =400MPa
77777 gd = 30mm
1.0U ,
—> @ {"’ @ He
;. ) ‘ilf y \f
%} el
> Fe
F— @
L/‘[”
e
- Ax
N
ol
H=>5 , . . o
; =>g =2 —uloha je 2x staticky neurcita
D=

Y F,=0: —-F, +F,=0=F, =F, =200%0,4=80N
YF, =0: F,-F+F.=0=F, =1000-F,

dDMy=0: M, +FAy*%2+MC —FC*%+FAX*11 —Fq*%=0:>

:>MA:Fq*%—FAy*%—MC+FC*%—FAx*ll
2.CU | X
et L
Z Ll ol
9, (%0
L £

7777777



3.vvU

fezl: x, €(0;/,)

” [
— A N("f
& 3 5
4‘ > T(X)
- - . Nl(x)z_FAy
Wo(’() ,
I'(x)=F,—q*x
X1 X
sz(x):_MA_FAx*x+q*x*5
\
2l
F
Ay

/
fezIl: x, € <32;12>

@ .
- N (x)=0
N X) ‘? K;I TU(X)=FC _F
% | ’C’ \ M;I(x):MC—FC*x+F*(x_I_2)
x T_., -
S
T

Fez Il : x, e <0;%z>

P
e | 1.4
/A %
—> e N (=0
N (X; }9 '-;é T (x) = F.
<
& -5 \ M(f”(x):Mc_Fc*x
2 Ho(x) T =
e 2



4.Vypocet Fc a Mc

uloha je 2xSN a mame 2 podminky, z kterych ur¢ime 2 nezname
Pozn.: [, =1,; x,=x,=x,=x

8W_IJZ~M oM,

2% 2 ¥y =

oF. Y E*J OF,

/ / / X
o j (-F, *51+FAy*E2+MC ~F, *52+FAX*ZI —FAx*x+q*x*5)*lzdx+
h
12 l 5
+ |, —FC*x+F*(x—32)*(x—lz)dx+'[(Mc —F.*x)*(x—1,)%x |=0=
L 0
2

= 57,504+ 0,100632F . — 0,21564M . =0

-[E*J 8M

_ ! *j(—F Z+F wh o ol p o g Syl
E*J 2 2 2 2

12
1 L
2 l 2
+j(MC —FC*x+F*(x—52)*1dx+_[(Mc —F.*x)*ldx |=0=
L 0
2

= 310,5216-0,57504F . +1,4376 M . =0

Vyjadreni Fc a Mc

F. =1084,4N
M, =239,38Nm

5. Vypocet Fay a Ma

F, =1000 - F, = -84,4N

/ / I
M, = F %2 = F\ * 2= Mc + F * 2= F,, *1, = =5538Nm



6. Vypocet momentii z Fezii

Ztezul:

! x M!(0)=5538Nm
M,(x)=—M,-F, *x+qg*x*—
2 M!(0,4) =39,38Nm

Zvezull :
I [ MJI (0,2) =22,5Nm

My(x)=M.-F.*x+F*(x-->)
2 M(f[ (0,4) =5,62Nm

Z fezu Ill :
M"(x)=M.-F.*x MY (0) = 239,38 Nm
’ - ¢ ¢ 1 _
MU (052) - 22,5Nm

239 38

7. Uréeni max.momentu soustavy

M =M" =239,38Nm

omax

8. Vypocet bezpe¢nosti z max.momentu soustavy

max.napéti
Mo, 32*Mo,,,

O = = 3 =90307579,9Pa = 90,31MPa
Wo T*d

bezpecnost

PR/, LT

o 9031

max



Zadani:

= S

_AC b

y
FY 0 =0,5mm

. v

Pro jednotlivé moznosti a, b, ¢ vypoctéte bezpecnost....

a) vazba B je nefunkéni
b)6=0,5
c)o=0

Hodnoty:

D =050 mm

d = 020mm

¢ ="75mm
a=100mm
b=150mm
Ri=3mm
F=30000N
E=2,1¢’ MPa

Ok = Re = 300MPa
KK =9



a) Vazba B je nefunk¢ni (nedotkne se)

Re=300 MPa
D=50 mm
d= 20 mm
R= 3 mm

SOUCINITEL KONCENTRACE a v pfechodu osazeného difku namahaného tahem najdeme
ve skriptech str. 182.

g =25 g =0,15 azgrafu vycteme hodnotu a = 1,75
UU.: A N
FA FA
F,: FA=F +
F F
v

Soustava sil na jedné nositelce: L= 1; D =1; s=0 T¢leso je v SR

7I*d2 %207

=95,5MPa

GI’IOITI

N _4F _4¥30000
S

Omax= Onom™ O = 95,5%1,75 =167 MPa

% 3% 199
o 167

max

k, =

c) o=0



Soustava sil na jedné nositelce: L= 2; U =1; s=1 Chybi ndm jedna rovnice. Tu ziskdme
z deformacni podminky a zaroven uvolnime na SR. N
C.U.:

3
deformaéni podminka:  u, Ni; *
Z:‘ ES, 6F

X€(0;¢) X€ (c;b) X€(b;a)

N=-F, N,=F-F, N,=F-F, O |
ON, _ ON, _ ON, _ U.U.: 4 Fa Fa
oF, oF, oF,
3 ® (7 )k
0 <O 3 NLL N, _4TCE)Re, .
oF, S ES, oF, E*n*d
F
4*(F F) (b-c) 4*(F F)*a
()02 s L Fo-
k(_ %k % _ * —
0 o AECEDMIS, ) 4*G000-F)*50-75), B
E* 720 E*7%20
, 4*(30000- F,)*100,,
P (_1)
E* %50
= -26566,7N
F,=F, - F =26566,7—30000 = —34333N
_ * —
N _AF-F) _4*G0000-26566.T) 0o\ o

o =
g i %20
o, =c, *a=109%175=191MPa

k=% 39054
o, 191

Bezpecnost je o tolik vyssi, protoze deformace je omezena plisobici silou Fg tim padem je
moznost poruSeni sniZena.



b) Ptedpoklad — Nedojde k vymezeni viile tj. vazba B zlistane nefunkcni. Vypocitame
prodlouzeni, kontrola vymezeni vile a pfipadné prepocitani a kontrola na vzpér.

w
Deformacéni podminka : u > F <0,5

U.U. FAT
Prodlouzeni
ow & NI . 0N,
u= = LL* 1 F,: FoA=F
oOF le ES, oOF oA
Derivace:
oF oF

Celkové¢ prodlouzeni:

W s, r) :iN.z. ON, 4*F*gq 4*F*(b=c), _4*30000*100 ,

u= Lk = S *1+ 5 —*1+
oF, = ES, OF E*rn*D E*r*d E*r*50
* *
+—4 30000 275*1=0,O41mm
E*r*20

Nedojde k vymezeni viile.

Soustava sil na jedné nositelce: [L=1; V=1; s=0 T¢lesojev SR

=95,5MPa

N 4F  4*30000
S 7Z'*d2 7 *20°

Omax= Onom™ O = 95,5*%1,75 =167 MPa

% 39199
O 167

max

k, =




v

Mat.: ocel 13 141.5
kk=?

9d=30mm koef. Teplotni roztaznosti a=1,2%10"
1,=800mm=0,8m E=2,1*10"
15=900mm=0,9m 0x=490 MPa
1,=1000mm=1m

a=120°

B=30°

F=10"N

AT=50°C

Rozbor:
Télesa maji charakter prutt
a) kinematicky:
A,B,C-r.k.d -&=2
D — vicendsobnar. k. d. - =6 (t€l. 5 — degenerované téleso)

(-m=n-Di,-Y¢&~a
i-mn=06-H)*3-3*2+6)-1=-1
1=0, n=-1 — nepohybliva soustava s 1 omezenym deformacnim parametrem

b) staticky:

NP={FA, FB, Fc} },L=3

7v° — rovinna se spole¢nym piisobistém — v=2
=p-v=3-2=1 — 1x staticky neurcité

Reseni:



Uplné uvolnéni:

Fa
2
Fa
Fc
4
Fc

Castecné uvolnéni:

Uy =0=uy,,, +8—W
OF,

Vvu

N, =F,

N, =F,

Fg

S.R

v



F :F+Fy;cosf—F,cos =0
F, :Fysinf+F, sinf-F.=0

_F
cos
) F
N,=F.=(F,+Fy)sin f=(
cos

+ Fy

+ Fy

Deformacni podminka:

+ F,)sin f=Ftan B+ 2F,sin 8

Nl@N Nl@N

SN ON, _
uB:uBAT+a—W=a.l3.AT
oF, ES aF
ON,
oF,
ON,
FB
N
L =sin B
B
al, AT + ZNI N _ g1 a7+ Nade OV
F, E.S, OF,
4
=1,2.107.0,9.50 + ! [( 10

2,1.10".7,07.10™* " cos30°

ES "OF, ES OF,

+ F;).0,8.1+ F,.09.1+ (Ftan f+ 2F, sin #).1.sin f] =

=5,4.10" +6,735.107.(9237,604 + 0,8.F, +0,9.F, +2886,751+0,5.F,) = 0

_ -4
675;;11(())9 —(9237,604 + 2886,751)
F,=—"""= =—-41955,695N
0,8+09+0,5
10*
F,= —41955,695 = -30408,690 N
cos30°

F. =10" tan30° + 2.(—41955,695).sin 30° = —36182,192 N

F
o, = ?A = —43MPa
F
o, =—2=-593MPa
S
o, =X _ _s12MPa
S
k=T =0 g6
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