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Stress Concentration and Fatigue Strength of Notched Specimens

under Repeated Bending Moment

Motoaki ONoO

Abstract

We find difficulties to determine the value of the notch factor in machine-design, in spite of
many experimental results have been shown. In this report, I attempt to determine some proper
value of these notch factors from my experimental results under rotating-bending stress, for U,
V and rectangular notches — single, double, and tripple circumferential groove on the circuler
shaft. In the U, V notches, the experimental results shows that the notch factor is proportional
to the degree of stress concentration, but in the case of rectangular notches, the value of the
factor is lower than that estimated from the stress concentration in the groove corner, obtained

from photo-elastic experiments.
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Table 1. Chemical Composition and Mechanical Properties of Test Pieces.

Chemical Composition % Mechanical Properties
Division [Material ; Remarks
C } Sl ‘ Mn “ P t S op \ o 1 E% ‘ op \ Hy.p
A | Steel | 0.14]0.26|0.48 | 0.022 0.02 | 43.45 28.4 | 40 | 93.3| 58 190 Orle. -
B 7 1 0.1510.36 | 0.52 | 0.005/ 0.015 39.4 | 28.0 | 34.8 | 92.0 53 ”
C s, 10.1410.2510.50 | 0.003 0.018 44.9 | 29.2 | 40.5 | 94.5 | 56 P
D yo | | 40.2 | 26.1 | 35.3 1 96.6 | 17(HJ) P
E Brass | 48. 3 22.8 | 68.9 ”
F Steel | 44.6 | 30.0 | 27 189.6 | 157(H,) ”
G Y {\ 0.14 1 0.26 | 0.48 | 0.022 0.02 | 44.9 | 29.2 | 41 95 56 /"
H Brass ' | } 48.3 22.8 | 68.9 p
I v ! 48.3 22.8 | 68.9 P
J Steel | 53.4 | 35.4 |30 | 94.5 ”
K 2 46.6 | 31.7 | 28.9 132 ”
L v 44.1 | 29.6 | 30.3 1130 y
M ” ! ‘\ 7
N ” } 0.16 [ 0.29 | 0.47 | 0.033] 0.032 52.2 | 34.5 | 28.5 "
o s 10.19]0.26 | 0.69 | 0.008 0.036 45.5 32.5 3¢ | |60 12} Orig.
o = Tensile Sterngth. kg/mm? & = Elongation %
o, = Yielding Point. kg/mm? op = Actual Stress kg/mm?
Hpy.; = Hardness (Rockwell B Scale)
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Fig. 1. Notch form (1). Center dist. of groove for double and triple row is 20 mm.
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(@) U-1 Groove

(b) V-1 Groove
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(¢) Rec-1 Groove

Fig. 4. Photo elastic pattern of a beam’ with 1-row groove
subjected to pure bending.

U~-1 FORM V-1 FORM REC.-1 FORM

Fig. 5. Distribution of fringe order.
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Fig. 6. Photo-elastic pattern of beams with triple-row notch

subjected to pure bending.
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Table 2. Results of Photo-Elastic Tests. (Single Row)

M Z ‘ T ‘ Fmax A Fmasx I ] Stress Concent.
Notch Form | i
kgemm mm?* | kg/cm? | kg/cm? kg/cm? } @ ] ap
|
U 1135.7 1166 f 97.6 “ 202 181.8 | 2.07 | 1.86
\% ” 1206 | 944 | 323 222 | 243 | 236
Lr ” 1686 | 96 : 283 183 ; 2.95 E 1.89
i H i
M: Bending Moment Z: Section Modulus.
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Table 3. Results of Photo-elastic Tests (Triple Row)

Notch Fringe. Ton O max 1 Stress Concent
Position
Form n kg/cm? kg/cm? ’ a @ ean
J 1 9 75.5 | 204 2.70
, Ten 2 9 76.2 204 | 2.68 2.69
3 9 76.0 204 | 2,69 |
U ‘ :
6 75.5 136 1.80
Comp 5 6 76. 2 136 1.77 1.78
6 76.0 136 1.78
10 81.5 227 ; 2.79
Ten 2 9 81.3 204 | 2.5l 2.61
3 9 81.0 204 | 2.52
\Y% !
4 8 81.5 E 183 | 2.23
Comp 5 8 81.3 ! 183 2.25 2.24
6 — 81.0 — —
1 7 71.5 158.9 2.2
Ten 2 7 72.8 158.9 |+ 2.18 2.19
3 7 73.3 158.9 ' 2,17
1
4 7 C7Ls 1889 | 2.22
Comp 5 7 72.8 158.9 2.18 2.19
6 7 73.3 158.9 2.17
&
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Fig. 7. Fatigue tests of A, B, C groops.
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Table 4. Results of Repeating Bending Tests.

KB

& W

Mate- Notch d, P o 'k Notch- | Stress- | Form-
Div. Factor {Concent.; Factor

rial Form mm mm kg/mm? kg/mm? B @ | ap Ay
A U-1 | 8.79~9.1 1.0 19.2 | 12.4 | 1.54 | 1.86 1.59
B 60V-1 | 8.45~8.58 0.10 17.3 | 10.6 | 1.64 | 2.36 1.82
C 90V-1 | 8.40~8.50 0.05 17.5 | 10.2 | 1.67 1.76
7 -1 8.45~8. 56 0.05 Vi 13.2 1.33 1.89
D U-2 |852-8.55| 1.0 18.2 | 13.0 | 1.43 |
" -2 | 8.558.58 0.05 ” 13.9 | 1.33 %
F 65V-1 | 8.50~8.70 | 0.05~0. 1 15.0 8.5 | 1.76 1

B ” -1 | 8.60~8.70 | 0.04~0.07 |~ 1.0 | 1.36 | 1.89

‘i G 60V-2 | 8.79~8.80 0.05 20.25  12.04 | 1.68 j

_§ 7 90V-2 | 7 ” ” 9.5 2.13 |

S ] U-3 | 8.55~8.63 1.0 22.2 | 14.6 | 1.52 | 1.78 | 1.64
/” 1-3 | 8.60~8.70 | 0.02~0.03 v 13.8 1.61 2.19 E
” 60V-3 | 8.60~8.70 | 0.03~0.08 ” 13.6 | 1.63 | 2.24
M U-3 | 8.50~8.70 1.0 ” 14.8 | 1.5 | 1.45
N 45V-1 | 8.60~8.70 0.05 20.2 | 15.8 | L T
” Doble ” Y 7 12.0 1.68 [\
o} U-1 | 6.98~7.00 0.5 19.0 | 17.0 | 1.17 ;
” w1 | 6.85~7.00 ” " 13.0 | 1.46 ;
E 60V-1 | 8.60~8.70 0.05 11.2 | 6.12 | 1.83 | 2.36 1.85
H U-1 | 8.60~8.66 1.0 14.5 | 9.5 1.53 | 1.86 1.84

4 ” -1 8.63~8.85 0.07 ¥V 9.0 1.61 1.89

& " 45V-1 | 8.58~8.66 |  0.08 y 4.5 | 3.22 1.95
I 60V-2 | 8.50~8.70 | 0.03~0.07 | 12.0 | 7.0 1.71 2.30
7 -2 VZ 0.01 /7 7.0 1.71
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Fig. 8. Fatigue tests of D groop.

Fig. 9. Fatigue tests of I groop.
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Fig. 10. Fatigue tests of M groop.
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Fig. 11. Fatigue tests of N groop.
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