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Stress Concentration and Fatigue Strength of Notched Specimens

Under Repeated Bending Moment (6th Report)

Circular shaft with a diametral hole No. 3

Motoaki ONO and Takio MOCHIZUKI

Abstract

Stress concentrations and notch factors are researched in hollow shafts with a diametral hole on
one side and penetrated diametrally, and in solid shafts with a diametrally penetrated hole.

The material used are 3 kinds of S-20C steel whose tensile strength are 50 and 69 kg/mm?2
measured. The capacity of the testing machine is 1.5 kgm and the dia. of the specimen is 6 mm.

For the form factors of these notched specimens, the calculated results of Ishibashi is used and
the equation relating between the form factor « and the notch factor 8 is

f=a [1—-ke N) N=n (I+n d/D) d/D

where n=const, d, D inner dia. and outside dia.

which is discussed in the last paper (5th report).

Main results of these experiments are ; The fatigue limit of a hollow specimen is lower than
that of a solid. The notch factor 8 of an hollow shaft with one side diametral hole is higher than

that of penecirated diametral hole. The variation of 8 according to d/D agrees with the calculated

£ in the above formula.
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Fig. 1 «a=form factors of the circular hollow
shafts with a diametral circular hole ;
(a) one hole, (b) two holes (penetrated),
B=notch factors calculated from the

formula (5) in the last report for above
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Fig. 2 Microstructure of the material
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Table 1 Chemical composition and mechanical properties of the material used
) Mechanical properties
NO C Si Mn P S
ay IR ar
Kg/mm2| Kg/mm?2| Kg/mm2
3 0.18 0.32 0.42 0.045 | 0.022 —_— 67.9 —
4 0.14 0.06 0.42 0.007 | 0.016 — 50.5 99.2
5 0.11 0.05 0.41 0.006 | 0.016 — i 69.0 —
oy =Yielding pt. ocp="Tensile strength or=True rupture stress
2 4 I
o 3 To= (r1#—r2%) — 30(13—rs3), Z=""
® i - (8) FECERMMAL  Fig.4(b)
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Fig. 3 Dimensions of the specimens used
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Section of specimens
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Table 2 Section modulus

) Plain specimen Notched (Hollow) l Notched(Solid)
Material

. Solid | Hollow 1.0mm 1.5mm 2.0mm | 2.5mm/| 3,0mm
| shatt [ shaft [ singie | Pene- | singie | Pene | singie | Penel- | Penet | Ponct
No.1 17.65 | 16.30 — — 11.62 9.50 — | — — —
72 21.20 19.87 1 16.11 14.62 — - — — — —
7 3 21.20 | 17.00 ! 13.97 | 12.79 — — - | — — —
7 4| 21.20 — — — — | 12.93 - 4 10.44 — —
75 21.20 — — 15.52 — — — i — 8.16 6.21
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Table 3 Results of fatigue tests

Form of | Test l , Repeated Broken

Materialjnotched |piece | do d d o number X Remarks
specimen| No. mm \ mm mm | Kg/mm?2 | Kg/mm2| Nx108 Unbrooken

2 6.03 30.4 3.8378 X

3 74 28.0 10.6619 O

@ | 4 ” 29.2 10.7381| O

5 4 31.6 4.4270 X

7 7 36.2 0.4690 X

8 %4 33.9 0.8574 X

26 6.03 4.0 3L.8 1.1782 X

27 4 Y4 26.0 10.0268 O

(b) 28 % 4 28.9 12.1000 O

29 7 7 30.4 3.9814 X

30 % 4 33.2 0.3250 X

31 ” v | ) 29.6 2.9335 | X%

No.3 32| 603 | 40 | 1.0 | 249 | 20.2 0.9597 X

33 7 7 7 21.40 17.35 1.5655 X

34 7 % ” 19.65 15.90 7.1478 X

(c) 35 7 7 7 17.85 14.45 2.2186 X

36 7 7 7 16.42 13.30 12.9432 O

37 Y4 7 V4 17.83 14.45 6.3558 X

38 7 7 V4 18.60 15.05 4.4578 X

39 v 7 7 17.15 13.90 11.1121 O

40 6.03 4.0 1.0 19.30 14.50 1.5289 X

41 4 4 4 17.30 13.00 10.0790 O

42 Y4 4 % 18.50 13.90 3.6873 X

(d 43 V4 4 7 20.00 15.03 2.3548 X

44 74 4 7 23.30 17.35 0.9169 X

45 7 7 4 17.70 13.30 3.7817 X

45 7 7 ” 16.16 12.15 2.9333 X

- 47 Y 7 2 15.37 | 11.55 | 10.05'0 O

1 6.0! 1.5 27.00 1.9317 X

2 4 4 19.30 0.0450 X

3 2 4 19.30 5.5885 X

4. 4 7 11.60 10.8067 O

5 4 2 15.45 10.6457 O

No.4 (e) 6 7 % 17.35 6.7767 —

7 4 i 7 18.15 6.9136 X

8 V4 % 17.75 8.3889 X

9 174 74 —_ —_ —_

10 % 4 17.35 5.5415 X

11 4 4 17.00 14.5040 O

12 7 7 17.16 12.1011 O

¢ - nominal stress for the shaft with a hole

¢’: nominal stress for the hollow shaft neglecting the hole in the section modulus
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Table 4 Results of fatigue tests

_ [Form of |Test- D d d P o Repeated B ro)lien
Material| notched Ipiece 0 number ;0o | Remarks
specimen; No. mm mm mm Kg/mm2| kg/mm2 | Nx 1086
13 6.01 2.0 19.16 2.1441 —_
14 4 4 18.20 1.6648 -
15 2 7 18.20 8.8621 X
16 7 ” 19.16 8.6045 X
(©) 17 7 7 16.77 0.0999 -
18 7 2 15.82 11,3245 O
19 2 4 14.38 10.7385 O
20 7 ” 16.77 10.9551 O
No.4 | 1 21 74 4 17.73 - 10.8641 O
22 6.01 28.20 1.9892 X
23 74 30.50 1.0329 X
24 7 29.40 0.7996 X
@ 25 4 25.80 10.2829 O
26 4 24.60 10.1534 O
27 7 27.00 8.6356 X
28 2 32.80 0.2701 X
29 | s 26.50 | | 10.1018 o |
30 6.01 2.5 19.00 10.0981 O
31 4 7 17.15 11,1121 O
32 7 7 22.05 4.8457 X
33 4 4 20.81 7.2184 X
() 34 7 7 21.44 4.9669 X
35 % Y4 20.21 11.0172 O
36 7 7 19.60 10.0546 O
37 4 7 18.98 9.8701 O
| 38 2 2 20.82 | 14.0870 O
39 6.01 3.0 24.17 2.4620 X
40 V4 i 77 21.72 4 1391 X
41 4 7 18.12 3.6076 —
No.5 ©) 42 ” % 16.10 10.6455 O
43 7 7 14.50 10.4518 O Crack
52 %4 7 22.55 4.5586 X
53 2 2 20.94 — —
R % R A 7 19.32 | 116439 O |
44 6.01 1.0 16.13 11.1320 @)
45 4 % 17.70 10.1131 @)
45 7 7 19.31 5.6379 X
e) 47 7o 2 20.94 1.7620 X
48 4 2 19.97 1.9153 X
49 % V4 18.35 — —
! 50 | # 7 | 18.55 15.2154 | O
A e 2 18.80 2.6354 X
55 | 6.01 | 41.25 0.1135 |  x
56 ” | 38.95 0.1687 X
(2) 57 74 ‘, 37.75 0.1770 X
58 74 | 36.65 0.3395 x
59 2 | 33.05 1.7175 X
60 2 l 29.50 9.3201 O
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Fig. 5 Fatigue limit of No. 3 series Fig. 7 Fatigue limit of No. 5 series
Table 5 Fatigue limit G and §3
| Plain specimen | Notched (Hollow) Notched (Solid)
Material —— 1.0 mm [.Smm | 2.0mm 2.5mm/| 3.0mm
) Solid ' Hollow —
series | ‘ Penet- Penet- Penet- ) Penet- | Penet-
shaft | shaft Single | rated | Single | rated | Single | rated rated rated
B | lafz.ll B a=1.86 a=1.661q:1.52 a=1.38
| } 11.5 | |
No.l | 21.9 ' 19.8 — — | () a.6) — — — | -
1 15.5 l 18.0 _ . - . _ .
No.2 | 30.5 | 29.6 a 90)‘ (1.64)
} 16.0 17.0 . - _ _ _ .
No.3 | 29.5 i 29.0 (LS])i (1.70) |
‘ 17.2 18.0
No.4 27.0 | - - — - : - N ) o
| | 18.6 .50 (50 20,51 215
No.5 1 29.5 | — | — 1 (1.58)i — — — — (1.44)! (1.37)

The numerical values in the parenthesis are the values of 8 measured.
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Fig. 9 Relation between « and 6.
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Fig. 10 Experimental results
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Fig. 13 Notched fractured surface of No. 4 series
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Fig. 12 Eccentricities of ruptured specimens
against applied stresses ratios
o : Applied nominal stress
6’ wr . Fatigue limit
r : Radius of the minimum cross section
e : Eccentric distance
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