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Priklad

Zadani: Vytvorte priblizny S-n diagram pro ocelovou ty€ a vyjadrete jeji rovnici. Jakou Zivotnost mizZzeme
oCekavat pfi zatizeni soumérné stfidavym cyklem o amplitudé 100 MPa?

Je dano: Mez pevnosti Rm = 600 MPa, ty¢ ma prufez ¢tverce o strané 150 mm a je vyrobena valcovanim za
tepla. Soucast mize pracovat az za teploty 500 C. ZatiZzena bude st fidavym ohybem.

Reéeni: UC = 0-2: |:q:velikostE([:zatiieng: kval pO\D:: zprac DJ;C teplQC
o. U0,5[R = 0,9160G= 30MPa

=0,0%h= 0,0511501158 11260M

d.i = 1125 =121,2mm
0,076¢ 0766 10,0766

CVelikost — 1, 18% _'0,097

ekviv
-0,097
Cvelikost = 1’ 189( 1212) - O; 147
Czatiieni = 1’ O
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Priklad

Ekvivalentni pramér

for d<0.3in (8 mm): Cippe =1
for 0.3in<d <10 in: Cyize = 0.869d 707
for 8mm<d <250 mm: Cyize = 1.189470:097

X
rotating * b 1 + nonrotatin
Ags = 0.07664d> e o R )

Ags,  =0.05bh, t>0.025b
1‘1952_2 = 0.05bx + t(h = x)

nonrotating
Ags = 0.0104624°

(a) Solid or hollow round

nonrotating
A95I-1 =0.10bt

nonrotating

Ags = 0.0766d" Ags = 0.05bh

A952_2 =0.05bh, t>0.025b
(b) Area above 95%

(¢) Solid rectangular

(d) | beam
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Priklad

Brinell hardness (HB)
120 160 200 240 280 320 360 400 440 480 520
1.0 e B o — T T T

~ mirrbr-polishtltd

09

~. fine-ground or

08 F Q’“‘Q’“‘“‘Y poiied | TS| R, =600/6.895= 87kpsi
fiiis : |
N

0.7 \ ]
—_ — 0,718
i | Cront oo = ACR. =57, 7060 0% = 0,584
surface \\- \\ RGN
factor, 0.5 NN Baet :
Csu'f i 3 Le W\ \ s \\_ '
> -
04 NS Table 6-3  Coefficients for Surface-Factor Equation 6.7¢
v s ¥4 \k i Source: Shigley and Mischke, Mechanical Engineering Design, 5th ed., McGraw-
0.3 - p ATy 15558 Hill, New York, 1989, p. 283 with permission
FRRNN BRI i "-.,j T
0.2 . R / e N i For S, in MPa use For Syt in kpsi (not psi) use
ol "'°"’°dfd m fizd Surtace Finish A b A b
d =~ tapwater T : j—f—: =
N 3 ‘ 4 | corroded in salt water 41 i
0 0 | | i ! - Ground 1.58 -0.085 1.34 -0.085
60 80 100 120 140 160 180 200 220 240 260 Machined or cold-rolled 4.51 -0.265 27 -0.265
tensile strength, Sy (kpsi) Hot-rolled 57.7 -0.718 14.4 -0.718
EIGURE 6-26 T As-forged 272 0995 399 ~0.995
v Ry e ol
Surface Factors for Various Finishes on Steel (From Fig. 12.6, p. 234, R. C. Juvinall, Stress, Strain, and
Streneth. McGraw-Hill. New York. 1967. with permission)
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Priklad

1.0

s ] iR el |
8 4“‘2&"
0.9 \ 32 16%
9 63 -~
Csurjf' 0.7 k 250 125 \
20001000 i
0.6 - surface finish ——
0.5 = Rq (in)

0.4 | | I | | ] | | ] | I | _ ] ] ] I | I
40 60 80 100 120 140 160 180 200 220 240
Sut (kpsi)
FIGURE 6-27

Surface Factor as a Johnson .'
Machine Design, vol. 45, no. 11, 1967, p. 108, Penton Pubhshmg Cleveland, Ohio, with permissaon)
proT<450°C G, =1
pro450°C°<T<550C G,,,.= ¥ 0,0058T- 45(
Ciepioa =1~ 0,058( 550-450) = 0,71

teplota
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Priklad

Mez Unavy pro danou soucast: Sp0|eh“VOSt

o. =300U1LD0, 74710,584 0, A93MPa AT SRl
Table 6-4

Pokud uvazime navic spolehlivost, napf. 99.9 %, Reliability Factors

dostaneme po korekci: for S, = 0.08 p

0. =300U1LD0, 74710,584 0,71 053=/0MPa

Reliability %  Cyeliab

Pro konstrukci S-n diagramu budeme potfebovat hodnotu o 50 1.000

Oy000 = 0,9[R. = 0,97600= 540MPa 20 0.897

1 1 540 99 0.814

b==log G000 | = _ 2 Iog(—) =-0,2958 99.9 0.753
z 0. 3 70

99.99 0.702

z=logn-logn = Iog(103) - Iog( 1(?) =—: 99999  0.659

|Og(C) = Iog(alooo) -b Iog( nl)
log(C) = log( 540 - (- 0,29580 lo§ 100(
C=4165,71 10°< n< 10°
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Priklad

4165, 71 MPa

o =C

|-~ r-"r-A----"F—1° i B Rt
1 1 [ 1 1
1 1 [ 1 1
1 1 [ | 1
1 1 1 I 1 1
1 1 1 I 1 I
I | [ | !
Lo Lo L.
1 [ | 1
1 [ | 1
1 [ 1 1
1 [ 1 1
1 1 1 | 1
1 i ' [
1 l - I 1
P T T B i el i
i m 1
] =) |
1] 1
1 I |
1 [} '
I - ]
I = 1
T =| -
1 1
] nm [}
1 1
1
1
1
]
T
|
1
1
1
1
|
T

P ks ittt TRl btk Tl Attt

100= 4165, 76> MPa

30 000cykl;

B e e e el o s Lt
N [ E O
I

-
|

1
1
1
-r

1
|
-
i i
' 1
' |
' 1
' |
1 1
L Lo_L-d———_}
I T T 1
i ' |
1 ' |
1 Voo |
) oo i
1 1 1 ] )
| oo '
r-=4q1--a--r---{----r--r-a----fF
] 1 1 ] 1
1 1 [ | 1
1 ] [ | 1
| o )
1 ] 1 1 1
1 P '
P I DR TR SN DD S I R N
I T v |
1 T 1 I
1 I 1 ]
1 [ 1 |
' 1o - 1 |
=] [ = | 1
wA | v B 1 i
o oo (=] o OO0 O
o oo (=] vi (ol
S "noea =
p—
~~
far
¥
o =
~—

108 10°

107

number of cycles, N

S-N Diagram and Alternating Stress Line Showing Failure Point for Example 6-1

RIGIUIR R En

v7s
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Mez Unavy

Odhad meze unavy

z prezentace prof. M.RUZziCky

Vyhodnocovang Vztah pro mez unavyip R=-1| Koeficienty a podminky | Autor
velicina (pravdgpodobnost poruchy | platnosti

P=50%)[M Pa]
mez pevnostiRy | g.1=0,432R+ 2,2 konstrukni oceli Buch
[MPa] 01=0,46R, oceli doRy =1400 MPa | Zukov

1 oceli doRy =1200 az 180pPonomarjev

g1= 6 R.+400 MPa

r1=0,27Rn oceliRn <1200 Zukov

r.1=0,249R+2,5 konstrukni ocel Buch
mez kluzu 0.1=0,452R:+94 konstrukni oceli Buch
v tahuRe a krutu . . >

= konstrukini oceli Zukov

[ [MPa] 0.1=0,45R+122

r1=0,448F+52 konstrukéni oceli Buch
skut&na lomov§ g:,=0,35/% —10 konstrukni oceli Zukov
pevnostor 01=0,315/%5 -19 konstrukni oceli Mc-Adam
[MPa] ’
tvrdostHB 01=(0,128...0,156HB uhlikové oceli Grebenik
[MPa] 01=(0,168...0,222HB legované oceli Grebenik
meze R, R 01=0,285(R+ Ry) konstrukni oceli Saposnikov
[MPa]
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Koncentrace napéti

Vruby
o
A
1.0 r
K, P P
Omax = 0 p— b d & —
Ll
) VS 40 """., T, a” JIET
\ N "'-..‘__ """-..._____‘
Handirg .-."'" = ( B d )
e 5] d b
14 g _3zM
a .15 0.3 v rd”
rid
REERE
Soucinitel koncentrace napéti Soucinitel vrubu:
(teoreticky): ]
o q =0 pro K; =1 (neni
K = I max K. = C(bezvruby q= Ki =1 vivvrubu)
t f - '
S T ¢(swruber) K, =1 q=1pro teoreticky

nejvyssi hodnotu K, = K,
K, =1+q(K, -1
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Koncentrace napéti

30

26

2.2

Soucinitel koncentrace napéti (Peterson)

30
T T T T T T T —| 25 :
22
. = |
L i 18
- = 14 101
1 L Il 1 1 1 | 1.0 1 i i 1 1
0.2 0.4 06 0.8 Q 005 0Qlo 015 020 025 03
d/w r/h
(a) (b)

N I ] 1 I 10 1 1

005 010 015 020 025 030 o] 005 Q0 015 020 025 O3
r/h r/h
(c) (d)

T T T T ] 30 - T T T T
M i T rooT
) ] 20 C}) D d Cj
- | 4 ]
: — 2'2 _
. . X I 0/d:2 ]
B o 18} 1.2 7]
L ] i 109
14 - g 1.4} ,
1ol 10 L I 1 n
0 ol Q2 0.3 0 0.1 0.2 03
r/d r/d
(e) (f)

Figure 4.1 (a) Bar with a transverse hole in tension or simple compression: Spom = PIA;
A = (w — d)t; t = thickness. (b) Notched bar in bending: Spom = Mc/l = 6M]th?; =
thickness. (c) Notched bar in tension or simple compression: S, = P/A = P/th;
¢ = thickness. (d) Bar with a shoulder fillet in tension or simple compression: S, =
P/A = P/th; t = thickness. (e) Shaft with fillet in bending: S, = Mc/I = 32M/(nd?).
(f) Shaft with fillet in torsion: ..., = Tc/J = 16T/(xd*). (R. E. Peterson. Siress
Concentration Factors, John Wiley and Sons, New York, 1974, Reprinted with permission.)
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Koncentrace napéti

Notch-Sensitivity Factors for Steels Sur kpsi (MPa)
(mm) — 0 05 10 15 20 25 30 35 40 45 50 200 1379
0 — — ,,,_,____/1601103

—rr T T 140 965

——— ,4120 827

T 100 689

= %80 552

\70 483

= \60 414

3 50 345

! Note:

For torsional
loading, use a
curve for an §,,;
that is 20 kpsi
higher than that of
the material
selected

S S R N OO N NV O R JOPE S Y QR SR JR S S W S P e e e e Gt fuctosdongundhidbontoiduagorahacioitungangecdsfoniaigiag..

0 002 004 006 008 010 012 0.14 016 0.8 0.20

notch radius, r

(in)

FIGURE 6-36 Part1

Notch- Sensrtlvuty Curves for Steels Calculated rom E at|0n6 13U5|ng Data from thure 6-35 as Orlﬁlnally Proposed by R E
Peterson in "Notch Sensitivity," Chapter 13 in Metal Fatigue by G. Sines and J. Waisman, McGraw-Hill, New York, 1959.

i3y Ustav 5. Unava materialu — S-n pfistup (Stress-life)

R

konstruovani




Koncentrace napéti

K, —1 18
Peterson: q=——— |K, =14 "L1| _(3000B,89§MPa] 0,095
a a , mm
1+ 1+ R.[MP3|
I I
1 K -1 0.5
Neuber: Q= K, =1+ : :
1+ P 1+ Pl - 5|
r o 0.4 — | .
r S - Wrought Aluminums
/ f 1= - |
~ — heat treated (-T )
Table 6-6 \@ 1!
ey le 6-8 - 03— annealed or strain-hardened (-O and -H )
for Steels Neuber's Constant I 7] \
5,0 (ksi) o for Hardened Aluminum 3 _
u a (n :
/ e a
22 8:22 Sut(kpsd)  \[a (in®5) 8 0.2 »
60 0.108 2 B Low-alloy Steels
o o080 12 0475 g _ loaded in torsion
= 20 0.380 Ao d N |
100 0.062 30 0.278 - = loaded in tension
110 0.055 -
120 0.049 40 0.219 ]
130 0.044 50 0.186 0 T ==
oo Yo 60 0.162 N R R
180 0.024 70 0.144 0 40 80 120 160 200 240
200 0.018
220 0.013 80 0.131 Ultimate Tensile Strength, S, (kpsi)
240 0.009 90 0.122
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Alternating Stress

Alternating Stress

Koncentrace napéti

Si000
Unnotched Material
Notched Materigl—
| Figure 4.11 Modification of S-N curve
10° | | 108 for notched components: Juvinall
Life to Failure, N approach.

Unnotched
Material

Notched —

Material Se/Ks

1 106 Figure 4.12 Alternative modification of

Life to Failure, N S-N curve for notched components.
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Priklad

Ocelova ty€ (zatizena axialné tahem o R = -1) o Sifce 25 mm a tloustce 6 mm je opatifena dvémi proti
sobé lezicimi polokruhovymi vruby o poloméru 2,5 mm. V misté vrubu je priafez zuzen na Sitku 20 mm.
Urcete soucinitel vrubu K.. Mez pevnosti oceli je 786 MPa.

r 2,520’125 %:%:1,25 ——> K,=2,42

h~ 20
_ [300&3, 895MPa]

18 18
[0),0254=(300E6’895) 00,0254 0,146m
R.[MP4 786

1 1
= =0,945 |K, =1+q(K,-1) =1+ 0,94% 2,42 Ji= 2,3

q =
18 228
r 2,5

Pokud odhadneme mez Unavy soucasti bez vrubu za pomoci vztahu:
O perurny = 0,5R = 0,57786= 393/Pa

potom mez Unavy soucasti s uvedenym vrubem bude:

g 393
_ ~C(bezvruby __ _
O (svrubeny — K =3 34—168MPa.
f ’
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Kumulace poskozeni

Palmgren-Minerova hypotéza

N N»  Ns N;
Pro 1 z&té7ny blok: + + +...= — =1
N2~ Np3 Ny
o (4]
o Cai 2 ?
Ca2
time
N, N2 — N3 cycles —
Ny N N, Cycles to Failure i
W1+_"’T2+%3+“=1 f y

f1 "2 N3 i

Figure 9.40 Use of the Palmgren-Miner rule for life prediction for variable ampllmde
loading which is completely reversed.
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Kumulace poskozeni
N;cycles
Ny N, 1
Ca1 B[—1+—2+—]=1
4 7 | Il Ny Niz™ Ngg
¥
N,cycles| | a8 =
| ACq a
(e FY] : T
Om1 1
I
4 | Om3
Om2
0 .
| time N;, Cycles to Failure
| One repetition
Y
jeden zat ézny blok
fex s o NJ‘
Pro B, zatéznych bloku: Bf E m—— =1
fo one rep.
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Priklad

ZkuSebni téleso z oceli bylo podrobeno opakovanému jednoosému zatézovani (viz obrazek). UrCete
pocet zatéZznych cykli do unavového poskozeni télesa.

123456?8910]

time

One repetition

J N} Onmin Omax o Om N fi

1 1 0O 800 400 400 1.36x10°
10 220 800 290 510 1.54 x 10°

= — 72.000 opakovani

. - | 10

Nj 5 + 6

Ny 1.36 x 10 1.54 x 10
one rep.
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