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On the Fatigue Strength of Notched CrMo Steel Specimensi
By

Akira KaMonara and Tomokazu MATAKE*

Since the propagation and non-propagation of fatigue cracks seem to have a close
relation with the stress-strain curve of the material, fatigue tests of notched CrMo
steel specimens, having extremely different forms of stress-strain curves, were
made under rotary bending stressing. The stress-strain curves of the specimens were
varied by heat treatments, viz.,by furnace cooling or by tempering after oil quenching.

The main results of the experiments can be summarized as follows;

1) In sharply notched specimen both annealed (for this material yield point is
observed) or tempered material (for this material yield point is not observed) shallow
non-propagating fatigue cracks were observed at the root of the notch.

2) Repetitions of stresses above fatigue limit change the form of the stress-strain
curve of annealed specimens considerably, but little change of the curve is observed
in the case of tempered specimens (by repeated stressing).

3 ) Value of &, for annealed CrMo steel may be regarded to be & =0,043 mm.

4 ) For annealed specimen the maximum stress at the root of the notched under
the load of the branch point is ncarly equal to the vield point of the material.
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Table 1, Chemical compositicns and heat treatments of CrMo steels used.

Chemical compositions, 9% Heat treatment
Material B )
C.!S M P s G Mo Tempered \ Annealed

| : | o -
CiMo steel 0,340,240.75 0.020 0.0061.,010.17 2: gzgog' S\:alt:ruzn:;‘ﬁ;ed

C'r«?’lls)tmal 0.430.200.85 0.019 0.0091.180.26 ” ”

At 870°C, for 40 min,
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Fig. 1. Microphotographs of materials used ( x 400)
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Fig. 2. Forms of fatigue specimens,
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Table 2, Mechanical properties of CrMo steels used

T T p
Specimen No. ! Heat treatment ’ =4 TS, Foa ! on oT o ¢
N b

8 " Tempered 2.13%10! | 002=83.0 . 97.0 | 160.6| 59.8 | 17.6

23.2 ~ Annealed 2.16x10' | @s=38.4 | 674  116.9] 552 | 26.0

E :Modulus of elasticity, kg/mm?

og : Yield point, kgfmm?

ag.2 : Proof stress for 0.2% permanent set, kg/mm?
op : Tensile strength, kg/mm?

o1 : Actual stress at fracture, kgfmm?

¥+ : Ares contraction, %

¢  : Elongation, %

Tempered(No.8)

_ 5
50 ;fl Annealed(No.23.2)

05 '0 1 )
1 Strain (%) 20 30

Fig. 3. Stress-strain Curves (after heat treatment)
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Table 3. Results of rotary bending tests for tempered specimens.

Fig.

3.

The Ono’s-type rotary bending fatigue testing machine.
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Specimen,
o.

d¢

di -

di

do =1

Form of specimen

Notched
section
diamete-,
28
mm
9,935
9.858
10.035
10.012
9945
9,996
=11.790
9,760
1,795
= 9,770
9.857
10.028
9.981
10.015

Root

radius,

”

mm

[

SO N4

”

"

’”

”

’”

”

Fofm
factor,

a

”

Hollow

Hollow

Stress,

LAY

kg/mm?

54.0
48.0
45.0
42.0
41.0
40.0

40.0

37.0

34.0
33.0
32.0
30.0

No. of

repetitions,

1

15,

1.7

N
0"

Remarks

N. C

A TWY NGB

B B =broken,

C  ==cracked.
B N.C=not cracked.
B : N.B =not broken,
B

| . . P

awo - Fatigue limit
N.8 =41.0kg/mm?
N.B.

B

N.B No.24---tensile test,

8

|28 N.C wi =fatigue limit

=32.0 kg/mm?
N. 8



FRC W G A JKARHE, B (6)

1 10.031  0.354 3.06 22.0 0.293 B
13 10.057  0.370 3.00 . 20.0 0.883 B
6 10,026 0.370 3.01  19.0 . 10.813  2.16 N.C aw; =19.0kg/mm?
10 9.998  0.380 2.96 17.0  11.339 N. B
11 9.995  0.371 2.99 14.0 . 13.519 N B
12 10.118 | 0.188 ! 4.09 | 22,0 0.214 ] B
18 10.148 | ©.182] 4.16 ; 20.0 0.299 : B
17 10.190 | 0.185! 4.13 | 17.0 0.825 B
19 9.969 | 0.183 | 4.11 , 16.0 3.879 | | B
21 9.682 | 0.187 | 4.02 15.0 3.542 1 |3
16 10.084 | 0.188 | 4.08 | 14.0 | 13.533 | 2.93 N.Clowi=14.0 kglmm-
45 10.051 | 0.0972 5.56  15.0 1.147 B
47 10.042 | 0.0985 5.51 14.0 1.916 B
4 | 10,002 | 0.0994 549 135  11.717 c ow :jg’f‘g;;;‘:;;g';h
44 9,959 | 0.102. 5.42  13.0  11.448 C
43 9.888 | 0.0997 5.45 12.6  11.262 C
50 9.944 | 0.102 5.41 120 10.434 C
37.2] 10.000 | 0.102; 5.42 11,5 15910  3.57 N.C awj =11.5kg/mm?
42 9.976 | 0.103' 5.3 1.0 11,938 N C
45 10.051 | 0.0972 5.5¢ 10.5  12.151
| i o ' ) o ) { IrseMa(l) N
: No. B —21---tensile
| ] 'g? 2:53?7 - Hollow . 2.0 5.919 } ‘ “[ At 850°C. ovlquencf:;'
l | ‘ ‘ | ‘ At 600°C.
i : | i _water quenched.
I—51.3 9.852 0.04 8.0 16.5 1.747 B 298
I—54 9.102 ” “ 15.5 2.414 B 313
§—55 10.102 ” ” 15.0  10.0272 C 313
I—30.1 9.674 ” ” 14.5 20.616 Cc 307
F—s56 °  9.608 ” ” 14.5  10.500 B, 3l
I—30 @ 9.683 ” ” 14.0  11.368 C 309 ows=14.0 kg/mm?
I[—29 9. 371 ” ” 13.1 12.864 C  3co
1[ 51. 1, 10.555 1 0.104 | 5.51 6.0 | 13.259 C | 298
E--51.2, 9.835 : 0.097 | 5.52 | 15.5 | 18.001 C | 298
” #” ; ” » 16.0 1.750 B | 298
I—52 9.939 | 0.1C38| 5.36 15.5 1.420 B | 307
1-—53 10,001 0.098 | 5.53 15.0 2.111 B | 207
I—e1 10.036 | 0.094 | 5.64 | 14.0 3.742 N, Bf‘ 307
#” #” Lo ” 15.0 1.om - N. B 307
#” ” i #” ” 16.0 | 0.672 | ’ B 307,

Hpg : Brinell hardness, kgf{mm?

—_— & -



LK% &> CrMo STIEL Y OB DT 7

Table 4. Results of rotary bending tests for annealed specimens.

Form of specimen I B
o No. of | Notch ; f
. Notched Stress, : N ol
sPerf"men’ section 'ZOOt FFC:"" ’ repetitions,| factor, Remarks
o. diameter, | "diuss | Factor, N, C
2a I i Tw N 3= TWi
mm mm 1 «a kg/mm? 108 8 ow !N' B
I D T A en | I o1 B =broken
33 | 10.065 | oo 1.0 l 32.0 | 0.453 Bl & Zoracked,
34 10.059 #” # 1 30.0 1.514 B E.BC=not Eraiked,
3 | 10.085 | #1290 | 2.902 B ":°‘ o T"
: : ! awo =Ffetigue limit
36 10.081 ” , ” ,,2"8& 12.902 { 'N. B =28.0 ke/mm?
41 10.012 | 0.32. 3.02 13.0 | 3.047 B
40 | 10.013 ' 0.364  3.02  12.0 Lz ; B
38 10.094 | 0.367 ! 3.02  12.0 1.827 N ; ,
i i ; ‘ oy = fatigue limit
48.2 9.944 | 0.364 : 3.01 11.5 ! 14.556 \ 2.43 ‘N. B! =11.5 kg/mm?
39 9.976 - 0.367 ; 3.00 11.0 ' 10.480 N. B
L S S R S
26 9.754 0.185| 4.05 ¥ 13.0 0.908 1 B
25 9.945 0.180| 4.14 ' 11.0 4.000 , B
28 10.096 | 0.199 | 3.98 | 10.5 | 13.758 | 2.67 iN'C aw1 =10.5 kg/mm?
27 10.043 0.182 4.14 10.0 15.773 ;N. C
49 ‘ 9.887 0.149 4.51 10.0 6.525 ' B
51| 10.020 | 0.150] 4.52 | 9.5 | 19.202 | 2.95 N-C oy, =9.5 kofmm?
52 10.008 0.151 4.51 9.0 18.630 :N. C
! | o
32 9.909 0.0945! 5.60 1.0 | 1.842 ! 8
37 i 9.997 | 0.0992] 5.50 | 10.5 | 2.855 B ) .
| owe = crack strengt
31 9.897 0.0955 5.57 10.0 ; 13.881 | C | 10.0 kg/mm?
29 9.957 0.0943 5.62 9.0 15.465 | C
30 10.020 0.0943 5.66 8.5 | 15.156 ‘ 3.29 C |- Fig. 9
48.1 10.165 0.0990;, 5.55 8.0 | 11.257 ! 3.50 N.Cl owi=8.0 kg/mm?
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Fig. 5. S-N curves of tempered specimens.
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Fig. 6. S-N curves of annealed specimens,
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Fig. 7. Stress-strain curves for tempered and annesled specimens.
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Fig, 8. Non-propagating fatigue cracks.



T WY iR - ARABEL ET (6)

Kt/

00— == Tempered

i —— — b= Annealed

rack strength i o)

o ﬂl":uium- limitig )
20 \
)
= Branel point
E
H —_—— —— e e —
& Crack strengthiow,)
A B
2 10 £ 0O mm!
[ ]
- Hranch poim
() ! t ' 1 ] ' ) H
b 3 I S G 7 s 1
IForm factor (a)
Fig. 9. Relation betwesn « and a\y) or @y,
4
—O— Tempered »>
o =@ — Annecaled
5 3
°
&
-
hod
2
¥
2
1 l l | 1
1 2 4 4 3 [

Form factor a

Fig. 10. Relation between « and ;3.

12



D)k % > CrMo SHRERYT O HWMIT DT

Stress
H
= ¢ I
o‘ wo
Notch )
€€ o3

Fig. 11. Stress distributicn at the root of a notch.

Fig. 12. Co-ordinates of a hyperbelic notch.
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B < v p(x, y) pf (x, —y) DS pp'=2y 2ITHISWICER A KDL RIS D,
(b2 0.
p=—d¥ (1)

x2—at

Lop L a B pNTHROIUHBRAL O ER @ 1 Neuhcr a>3'£°> ko TRMI,

=07 (/“+1*1)(3—-04/ lli4‘i l
(2)
N=3 (2 + 2/ 2 3 f
(p 1)+22]/p 1+“]/ l

2. & RV
TSI 2643 2 RGO ENNTRIM OO L 51, WHTER O L T D, URIE
b & 12U RN A DG E NeuberB) iz ks ‘
o= (A+B tan?v)tany,
A=K (8.4—2.24cosvp -+ 15.68c0s2% ),

B=K 8.4cos?m,
8 _ o swdy
11.2 (1—cosvp ) (6-+10.4c0sv +4.4cos?vy +2,6c0s%1, ) °
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a
inve = s L sinv . g\ .
sinyy =y f -~y cosu[.:—/’m»;——n—'-, tany = —=== , smv={ L= )smvo.
1 . o
1 +————P 1 1 +—— / 1—siny
(3)

CLT a=RUMETIOEE, mm,
P =PIRCER, mm,
M=dliiy€— x> b+, kg-mm,
on=AFITIES), kgimm?,
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