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Rapid Determination of Endurance Limit.

According to the authors’ view that fatigue of metals occurs owing to the accumulation of
crystal” distortion the fundamental formule for fatifue durve has been derived”, Namely, if we

denote the given stress with

Now in the equation

o, the endurance limit with ¢, the number of stress repetitions with

N, then the equation -
L]
.~ gt ,I ] I T
A= i gm (D) 13 FATIGUE FUNC'ION
’ ‘ f | [ Hm
holds. Here H is the * hardening .. !l , @ (S)= S
coefficient 7, 7% is the power in the ]2 _ i AT gL 7
equation e,=wug™, and p is the ratio J H-- e m=() .
of the number of stress repctitions i __m=]
A‘ till the first crack occurs to that till 10 N —m=2
~specimen fractures. Using the * rela- 9t N m =3/
tive stress” S=a/a, above equation l _m=¥
becomes 8 =
v %p]
S 2 \
H PN __ S“'"”“_' (2) ) Ss 7 ‘ l
wherg the right-hand side is a func- 6
tion of S onty and is called “ fatigue g \ ’ :
function of 7:-th degree & - - \ \
N
Sl+m 4
?m(s):%ﬂﬁ (3) 3 \\ \ \5\ N
Tiis is re[)résented in fig. 1 for m A “\\g\ ¥ T~
L D N —
=0, I, 2,...... and it will be reduced & \\\\ N .
-to a hyperbola if we write N %M
907,‘(5)= j/+-l, S‘+m=/¥+ 1. p . . . ] _

\ O 1213 M I 16 17 18 19 20

=g, (S) S
take logarithms of both sides twice Fig. 1.
and we have .
¢ ) log V=loglog ¢,,(S)—loglog H—log in—log p.. (4)

On the other hand
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, log a=log S+log a,, (s)

Heénce we know from (4) and (5) that log N—log ¢ relation is quite similar to loglog ¢,(5)—log
S relation. But the latter is calculable beforehand. For example, it is represented in fig. 2 for
m:——5 ~10 and in fig. 3 for m=10~25. Of course we can draw the curves as minutely as we
want. Now we plot the experimental values of log V and log e on a tracing paper using the
same scale as in fig. 2 or in fig. 3. The relation between log &V and log ¢ must coincide with
one of the curves in fig. 2 or in fig. 3. Namely, we move the tracing paper up and down, right

25 ! o og ym (S)!i

Fig. 2.
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and left keeping both axes always parallel to those in fig. 2 (or in fig. 3) and find out a curve
on which experimental data of log V and loge lic as well as possible.  When this is done, the
point where the longitudinal axis on the tracing paper is cut by the transversal axis in fig. 2 or
in fig. 3 is o, itself corresponding to log S=o0. Fig. 2 or fig. 3 may be called * rapid determina-
- tion diagram of endurance limit”. Also the value of m can be read out instantly and A is
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calculable from an at:bltrary pomt on the determmed curve readmg the values of logN loglog

go,,.(% and logvz (Cf. eq. 4). A
. Example. 0.22% carbon steel, repeated bendmg, méan stress 0, =15 kg/mm’, true stress at
‘ - fracture g,=91 kg/mm (experlment was carried out

- Table 1. ; by Mr. Miyoshi in the Nishihara’s laboratory). 4
o kg/mm? | N, X108 logo | log& - From the data in table I using fhe rapid dete’r-"
350 00464 |- 15441 | 4.6§65' mination diég’ram above stated we get o, =22. 4kg/
24.0 . 3.62 1.3802 .6.5578 mm?® and m=9. 8, also 7=1.85x 10~ from 3 = log
226 | orza¥ 13541 j 70864 H_2 3037l0g /7. Thé fatigue curve is represented

* Not broken. in ﬁg 4. Only three sets of éxperimental values
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to, another value, say o,

16

31

Y

\

Y Toshio Nishihara and vAlsuro Kobayashs.

.29
27
25

23

R

?

900, o

s

.

70°

~ . 10°
Flg‘

N
6.

L 70T

Carbon steel rotating bendmg m==06.2, aw—23 I kg/mm?, y=1.45-10"7.

P\,

TN

10
' N

Fig. 7.

_7=675-10""

s

/Duralumm, rolating bending. m=5.8, g=9.2 kg/mm~

z

What is the life of the specmlenP

is necessary to establish the degree of fatigue progress.
- report, the degree of fatigue at the weakest point in the Specimen may be defined as the accmu-,

latc.d lattice distortion energy compared w;th the allowable limit D, N

F=S18/D= 51+m(1 -

L

where # means the number of stress repetitions.
which is ovbious from its definition.

and we can obtain # till the degree of fatigue progress at the weakest point

Hmn:

duralumin®.

~of repetltlons stress was

sufficed to determine the reasonable -
value of endurance limit. ‘

Also fig. 5 shows the ﬁtlfme
curve for Ni-Cr stegl (experiment
was carried out by Mr. Miki in the
Nishihara’s laboratory) Slmxlarly fig.
6 represents the case of 0.34%
fig. 7 that of
. »

carbon steel® and

- §2 Life for the Case. of Stepwise

Change of Stress. :

After a stress amplitude o, was
given to specimen to a certain number
changed
To answer this problem it
As already stated in the previous

(6)

f must be smaller than or at most equal to unity
But there are cases where f becomes greater than unity for
given », that is, for » whlch th between the number of stress rep etitions A till the specimen
fractures and pN There is no phy51cal meaning for / that is greater than unity but if we allow
the value greater ‘than unity for £, one to one correspondence between f and 7 will be preserved.
On this convention we have froln equation (6),

Sl+m

Sl+m_f

()

reaches f when

-

stressed at the relative stress S. Equatlon (2) on the other hand involves the numbel of stress

fepetlttons MV till spec1men fractures and is slightly” different from equation (7).

S

-

To obtain the
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same /N however,”we can also use the equatlon () puttmg f—fmmx Wthh is' now greater than 2
umty Of course fnax depends upon the applled stress .S -and is easily proved to be

r

1
fmax SH‘M S]+m<'l__'Ts‘—l+ )?1 ‘S>I 2 S ’(8)

from equations '(2) and (6). When S is smaller than umty we have from "equation (6) puttmg

=5 00 A o )
4 = . .fmmi= S!-}-m’ Jg< I. \ . . ' ’ (87)

In the equation.(7) naturally,/ must be smaller than S. And in general the number of 'repeti-

tions 4 till the degree of fatigue progress reaches f; from # can.be calculated by the equation .

Sl+m__f;

_ X , R H‘mAﬁ:Wf;—- . X (9)
Now the relative stress S; was applied to a specimen #; times 1ﬁﬁepeatedly then the degree of
fatigue progress f; is from equatlon (6) ~ T -
: b I :
& . fi:éi"’ 1 —W)'Q . '(6,)

 During the repetitions of stress the material changes its mechanical properties and expresses
different attitudes towards external load from before Property of -maiden material is expressed
by the equation”

e, =uo™ ' , (10)
and work done in the first' loading is : : o
i’ . . ’ .
L W= gt 11
St I1+m / ( )

thm stxesaed q'f a,, 7; times repeatedly, the materxal hardem and its propelty towalds (n +I) th
loading is e\presqed by the equation :

T &= ppam " (12)
and wo#k done in this (#+ 1)-th loading is
L .
1+4+m
_ Wyt _at o
e ’ 1 + 772 Hnml i — (I 3)

Comparison of (11) with (13) showq clearly that the coefficient « changes to a/H™" or she effect

of stress changes from ¢ to o/H- o, Consequen‘dy, after the stress was repeated 7y, times if it
changed to o, its effect will be equal to

14 ﬂlﬁ‘l
g,=0, - H ¥u . L (14
for maiden material. This mdy be called the “ reduced stress”, and
. - , |
r=H . ' (15)
is called corresponding ‘ coefficient of stress reduction ”". Accordingly the life #, after the stress
was. changed to o, is obtained from the following equation (hence the, residual devree of fatxcrue
plomess i fina fx in' the equation (7)),
§1+m ’

- 11m"2—“’ 16
4 . bi+m (fmax f; ( )

Fig. 8 1epresents the change of coefficient of stress reduction in a certain case of 0.65% carbon
steel. To obtain #, the value of 9i+" or that of y'*tm=7/"m" is necessary as shown in equatlon
(16), therefore the value of /™™ is also represegted in the same figure.

-Example 1. Fatigue curve was determined from experimental data for 0.65% carbon steel
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in repeated tension and compression test. ‘‘ Iso-fatigued line” for F=o0.9, 0.8, 0.7,...... 0.1 were

" also drawn in fig. 9 (p=1 was assumed for simplicity). Now, ¢,=26 kg/mm® was repeated V,
“ =1.32x 10" times, degree of fatigue progress will be obtained to be f=0.5 by tracing the hori-
zontal line corresponding o,=26 kg/mm?.  Let the stress be changed to g,=34kg/mm’. From
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Degree of fatigue progress, 0.65% C steel.
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fic. 8 ‘we get for the coefficient of stress reduction r=o.883, and consequentlx, ‘¢,=30.1 kg/mm®.

In fig. 9 tracing the horizontal line of 30.1 kg/mm?® the intercepting point with the curve f=o.5
If we neglect the chang€ of

yields Ny=

cause fracture before N,=

7.1 X 104,

Life from the start is AV;+M=130.1 x 10,
properties of material, tracing the horizontal .line of 34 kg/mm® will give A=1.13% 10" which is
of course quite different from N,=

7.1 X 10%

has extreme influence to the result. ,
In place of fig. 9 we-can also use fig. 10 for the same- purpose in which degree of fatigue
progress is scaled along the longitudinal axis.
Example 2. Another interesting application of the theory is the problem of * damage line ”
According to Russel and Welker” material is said damaged if it fractures within the stress repetl-
tians 10" when stressed at the endurance limit o, after it+is exposed to the stress g, and the stress
The border line between the damacred and "the undamaged region on the (o—

© repetitions V.
plane is the * damage line

”

7-1 X 10%

Repetitions of stréess oy=

34 kg/mm® from start will

From this it is obvious that the order of appllcatlon of stresses

)

.

— ),

Material in the service does not necessarily receive a_stress wave of constant amplitude and

. the property of the material which endures short time overstressing is very desirable, '
As already described, the authors’ theory enables us to evaluate the degree of fatigue pro-
gress and to calculate the. life of material from an arbitrary state of fatjgue till anogther state of

it and consequently the equation of the * damage line” can be derived in the following way.

When the relative stress S, was repeated /V, times the degree of fatigue progress f; is given by

the equation (6).

degree of fatigue (fmax—/1)-

' _mN
where S,=1Xp=H i+,

Stress is changed to @,, that is to S=1, and in order that the point (S, ;)
lies on the damage line the specimen must fracture at exactly V=10’ consuming the remaining

equation (8) we get

Hm 107 __

Hence frem equation (16) we have

A Sl+m

S]-l-m

H mw'l( H FmN__ 1)

S’+m - (_fmax f)

—1)

*

(16)

(17)

Subqt1tutm0 the value of f from equation (6’) and that of f,,m from

.

This is the equation of damage line, and we can see that it is wholy determined by two con-’'

stants /A and s, that is, by the knowledge of the fatigue curve.

—— Fatigue curve.

- Daméxge line. }

n fig. i1 the experimental data according to Russel and Welker are compared with the
S . P g
40000} \o\ ,
8 ) S~ '
35000~ 4 O\oi ,
I}./z =~ N .
in & R | \ O
300 P~a i 5
T RS R i
. 25000 1
o 10° /o" 10"

theoretical calculation. .

X 107®

{

Wrought Iron AT, rotatmg bending.

Fig .

m=13, dw=28310Ibfin?, yp=1825-1078,"

The material is wrought iron 47 and aw:2183'101b/in2,
Agreement is seen to_be tolerably good.

m=13, 7'77: 1.825

§3 F atigue Strength for Simply Chahging Stlfess Amplitude.

When a simple stress wave is repeated work done in the first loading is expressed by equation

?
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(11). When each stress wave is simple but its
“maximum value changes, for instance, as in fig,
122 work done’ in the first complete cycle of

v

loading is
Co 6|
W =T (gttr g aftmt gltm ). (18)
147

. Lattice distortion has been assumed to be proy-

portional to this work and hence if we calculate -

the reducéd stress o, by the equation

1.0 ) .
) o . 315 . 360
‘ Fig. 12b. h
1.0 7 o )
\ L. LA 0]
) a5 . 315 360
» Fig. 12c. ;
- a.1+m_a.1+M+o.l+;n+01+m+ """"""" . , . T (IQ)

_ this¥o, has the same effect for fatigue progress and acc01dm<rmc91y we can take it as the b351s in

ca.lculatmor the life etc.

Example. A roller bearing manufictured by a certain company has dimensions as shown in

Fig. 13.

-

fig. 13. Assuming that rollers and outer race con-
tinue pure rolling to each other contact of them are
repeated at an interval of 44°31" (approximately
equal to 45°)‘ One point of the roller (in the cross

sectwn) for instance, point A4 which is in contact

with~ the lowest point inside the outer race (fig. 13)
repeats contacts three times with outer race and four

- times with inner race per one revolution of the bear-+

ing .and is subjected to repeated compression. . Ac-
cording to Hertz’s formula this compressjve stress o,

is given as
,

m:‘o.SIIPE(L _I,‘ (20
Tn=0.581 = ii%) (20)

-

"where +signs correspond to outer and inner cortact

secti Here (- +-L)/(- X -1 )= :
respectively.  Here ( a’,‘+ a,?)/( A a’2> 1.765.
Considering that the effective load P varies pro-

portionally to cos f corresponding to the posmon of rollel the reduced compressive stress at a

deﬁmte point 4 of a roller is as follows

gitn= {O I 4,‘: o
! € 39 ; ( 0’1 ”’2

14-m

1+ n
} , {2(1 765 cos 67. 5°) v +z(co~: 450) z

¥

~

‘ | T+ 2(1.765 cos 22. 5°) 2 +(cos o°) 2 } ' . (21)
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™ ,Table 2. =~ = : Slmllarly the reduced stress o, at a point B (ﬁg 1 3) is
\ 14-m
=9 T3 g™ {o 501 _( )} {2(cos675°) P21, 765
: d
. a0r 138 1.69 ‘ \ . 14+
o vas | a8 " cos 45°) ¥+ 2(c0s 22.5°) ¥ +(1.765 cos °°>T} 21
4 ’

r0, except the common term are summarized in table 2.

visualized in. ﬁg 12b and 12c.

The value of 7 for the material is yet unknown, but using 7z=9 and m=3 the values ot 4o, and,
Stresses at the point 4 and B are

§4 Fatigue Sbtrength.for Complexly: Changing Stress- Amplitude.-

i) Correction for Unloading. Hitherto‘we treated comparatively simple stress wave but in-

real cases obviously there are more complex stresses.
infini - irfds

nfinitely large number of stress kmﬁ's apd | £,~p6 m
consequently we must carry. out experiments € fp—-—o(d
for some fundamental types of stress wave and '
establish the method of calculation for real

cases,

fatigue is necessary. Feor the purpose some
points”in authors’ theory rwust be refined.
Up to this time we have considered that

work

unloadmg, however, in real case as shown in

.fig. 14 the curve for unloading does not go
downward parallel to the elastic line of load- 0
ing and gets slightly inside, namely, seme

that is why the fundamental theory of

must be done when loading but not when

It is impossible to experiment for almdst

crystal grains are subjected to further strain
when - unloading (deformation after external load is removed- is called elastic after-effect).

‘Accompanying the work done during unloading lattice distortion occurs and” naturally fatigue state
of the material is influenced from the view point of the authors’ theory. * Work doneldurmg un-
loading ‘is equal to the hatched part in the same ﬁcuxe “To visualize its area it was replesented«
in fig. 14 right overturned to outside and elastic’ strain is omitted as it has no relation “with the
present problem. The cwive for unloading may not coincide with that for loading, but it m;ay’ be

assumed to have the smnlar form such as g,=hd™.

e

Fig. 14. ~

Of course the origin of coordinates is con-

sidered to transfer from o to o in the same figure. From this the excess wonk for unloading,
that is, the afea of outwards ovcnturned patt is calculated to bei ' | ’

40
30

20

et |

10

Fig. 15.
0.229; C steel, d,=33.6 kg/mm?, gz=51.0 kg/mm?.

T S (22),
1+m

Hence work done in the first
cycle of stress is

~

e A ey

This indicates that the coeffi-
cient.a is to be cofnectéd by
a/m. In a statical tension
test of 0.22% steel which
differs consuiexably from fati-

. gue test in its speed of loading

and in its range of applied ’

stress, following results as
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-shown in fig. 15 has been obtained.
In fig. 16 log o%and log e, are plotted
for loading (o) and for unloading (+), 16
from this we can see that the equation
¢,=ag™ approximately holds for un-

loading and'also in this case az». loj’; ‘
(ii). Treatment of a Bump in a = 2
Stress Wave. Complex stress wave
“has, after all, many maxima and minima +0
" in one cycle and as the dimplest case . ~ L L
let us consider a wave where two 55 C 40 log&p 45 30

maxima and one minimum appear, that
is, so called a “bump” appearé Firstly,
as shown in fig. 17 when a bump
-appears during loading consider cor-

_ -Fig. 16, ,
(O When the stress increases.
@® When the stress deereases.

responding stress-permanent strain diagram. By ascending to a maximum ¢; and then descending
to a minimum ¢, work is done each time to the weakest pdrt of the material and the geometrical
area in the corresponding stress-strain diagram gives the "quantity of work. Afterivards by as-
cendi.n<r to a maximum’ o, and descending to zero the larger part of “work is afforded.. The
curve’ repxesentmg the 1elat10n between ¢ and ¢, in the second ascension is not the same as that
in the first ascension. Due to the preceeding loadmO' and’ unloading certain value of residual force
arises and this force, since it is a compressive one after - tensile loading, weakens the effect of
loading in the second time. The residual stress was roughly assumed to be’ proportlonal to a,,
that is, equal to %a, (when g,=o0, namely, when the external load was  perfectly removed there
also exists a residual stress which was neglected in the first approximation). Consequently the
work done in the first stress cycle is as follows : i ’ .

S

- {1'7}+'" + (a5 lz@)”’"‘ —1(02 B k”z)”m} ‘157{(" 1 "2)’"('71 + m6,) + 0?7"} (54)

Arranging this in the similar form as before as well as possible- we get

W=

ot = _ﬂ_{0}+m + (05— ‘/zq;,)"""‘ — (o= /102)1+m} +

muta {(‘7 — ”2)"'('71 + 7720’2) + 0""”‘}. (25)

mu + a

In other words, the given stress wave can be treated as a simple wave whose maximum value
is equal to g, thus calculated. : '
A bump in a stress wave during unloading is considered qu1te similarly as in figure 18 and
the same form will be obtained.
As the equation (25) is not symmetrical with o, and a,, the mterchange of them will lead to
dlfferent resulte thch is seen in figures 17 and 18

~

N

ARRARNY




) Furthermore” we can suppose a case where
a smaller bump appears in a bump which can
be treated similarly as above.

"Example. A stress wave as shown in
fig. 19 was applied to specimens in repeated
bending test”.. Reduced stress is obtained

from equation (25) by putting o;=0,. Now,,

denote ‘a3/a,=x in fig. 19 and we have

Y4m__ 1+m{‘ I — Zx)m _ yttm
7 mu+a % +( ¢ l ) i
_/ 1+m} .a H-m{ —
- (1—4) +md+agl (1=
N 5
(1+ mx)+x‘+"‘} 4 (26)

7

From the experimental results for simple stress
wave fatigue curve and consequently  and y

¢

o _Z , @‘J%r

- Fig, 19. .

were determined (0.65% carben steel).
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48 A

T

\‘ 40 ] ] b \
38 : TUN_ o
36 V\’

g L\
32l F L] N

N
1/ — N 1
28+ 44
. « P
4 16° N- 1
O Simple wave.” x=a;/d;
@® Complex wave. 1 0.558 .5 o0.325
@ Calculated, 2 0.384 6 0.263
: 3 0314 7 o0.212
5 4 0230 P
- ~ Fig. 2z0.

.

But the experiment;al data did not lie completely upon a

curve as shown in fig. 20. Putting m=2.2 in (26) coefficient of stress reduction # is obtained -

2.2u+4a

1‘=[ 2.2u {I + (I -/Z()ﬂ'Q—XRT?(I __II)QQ}

Table 3.
Nr. x l r . ‘ L ‘y,
1 0.558 1.016 51.40
2 0.385 1.053 53.03
3 0.314 1.084 52.77-
4 0.230 1112 54.16
5 0.325 ~ 1.081 46 82
6 0.263 1.104 46.58 well.
7 0.212 1.1 r§ <47.85

mental results in fig., 20.
values coincide and also cases where both do not agree
Principal cause for this fact is supposed due to the
scattering of experimental data owing to non- umform1ty
of the material.

{(1 ,,x)2-9(1+2.2fx)fx“2}]“%2 (27)'

2. 2(/+a

~ The ratio ¢/a is yet unknown but using a=« the
values of » and o, for experithented x were summarizéd
«in table 3.
reduced stresses.
Calculated values were compared with " the experi-

Lifes are expected corresponding these

" There are-cases where both

m) Case where Mean Stress o, and Siress Amplitude s, are Constant and 0,,>a,. Stress

wave and corresponding stress-permanent strain diagram are represented in fig. 21.

Calculation of

the hatched parts in. the same figurc gives the formula for reduced stress, namely, WOrk done W

in the first loading is

W, =_ 1" — ha)tm— (g, ——/m m — o)™, + ;) 28
. T (01— /iay) Tt ( )+ +7/z (‘7,1 2)™(ay+ 112 .2) (28) )
Comparing with (23) we have the reduced stress, '
T LRy P L LI Py '+"'+ o, — a,)"(a,+ mo. 2
» it a (o 2) o+ a ———(m 2) ﬂw_*_a( | — @)y 2) (20)
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d, .

Fig. 21. i - . . .
e ‘ :
or introducing the mean stress o, and the stress: amplitude o/by
O =0y, + a(u 0y=0,,—0,
we obtain < ’
“ 1-fm ) 77204 ’ Hm ma i4m 14-m
Ur+ = (I "‘“/1)(77,,"[" (1 +/l)0‘a T I _/Z) (O‘m_gh)\
. mta ) .+ a . :
- i ‘ . a

®
: 20 "‘{I-}-mo‘—,ﬂz—-lo‘} ) o
‘ - 2 ar|a e ——ne) G
- -

. According to the third term correction for unloading strengthens the influence of stress amplitude-
g, and agreement with general empirical facts are reached. We often use a diagram representing
| ) . . o . . . : .
o,—0, relation taking o, in longitudinal axis and ¢, in transversal axis. On the straight line
passing through origin and making the angle 45° with both axes g,=¢, and the inclination of

the curve at the point of interception is given by

B | - R '
)T A G
! ' ,({07”'”“:6” (1 B+ :
«“

. : ) N
iv) Case where Mean Stress 7, @nd Stress Amplitude o, are Constant and 5,> 0,,. - Stress
wave, corresponding stress-permanent strain diagram and the work done in this case are repre-
sented in fig. 22. - Once ascending to the maximum stress ¢, load is decreased along the curve

N

-

’
v

o
&
1

NN

Fig. 22,
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0,4 reaching the value zero at -the-point 4 (fig. 22 middle). After the external load changes its .
sign at A the o--¢, curve extends smoothly along the part A(rz (cf. for"instance, the Bauschinger-
effect of a brass crystal ?).  Thus the sum of the hatched parts in the same figure, that is, the'
work done in the first stress cycle is given. by 4 .

, -
o~ 2

W= + i (aﬁ:%}’t{(wa-—a}al + (ma-—u)og} + - im aAtm 4 T:l-% 021-% . (32)
and the reduced stress o, is obtained as a B g
gltn = mJT-a_(z” )"”{(a+a) (s — I)U +(m+1) (u-—a)a } (am—i-aa)"""‘.-{— 7—”7;; 0,—06,)F" (33) ‘
introducing the mean stress o, and the stres$ amphtude g, by a
' ‘ [ = a,+a,, Gy=0,—0C,,
In repeated tension where o,=0,, we have
' | ] v,=20, | . (34)

which agrees with the result obtained from the equation (30). = In 1epeated tension and compres-
51on where a,,=0 :

o (u+a)<m D) oy 20H2) TN
,2(mu+a)~( 2 + mu-ra 7 (35).'

®

Using the"eqiiations. (33) and (30).we can calculate the reduced stress g, which has the same

\
! m=3 AN
10, n=9
b |
05
I*“ig. 23.
olval A ér ‘ . ‘ .
o=a [ ' - -
10 —
60, i\\
.\ ™ ) _
\\Q% of= 0«,£=0.5
# S —— oA=2a,A=05
0 . *=a, A=03

0 20 30 40
. Py
Fig. 24.
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»

eff’ect as the given vibrating stress appointed by ¢, and o,. This depends obviously upon the
values of m, %, and a/u. "Assuming a=ua equations (33) and (30) were evaluated for m=3 and
m=9 and are represexitec{ in fig. 23. As shown clearly in the same figure inclinations of the two
‘curves differ appreciably according to the value of 7,
In the ﬁgure 24 also, the relation between s, and g,
is represented when /% or afu takes other values.
Utilizing these fesults we can foresee the life for
arbitrary set of ¢, and ¢, when the life for pure
repeated tention (for instance)-is known. Of course 61
these formula are not the ultimate conclusions and 20
there remain for them strict proofs and refinements . - ‘,01 L
and once the perfect theory is attained it will afford
considerable conveniences for engineering problem. - 10
Examples. Repeated bending test was carried .
out about 0.22% carbon steel applying various values
of mean stress and stress amplitude (experimented
by Mr. Miyoshi in the Nishihara’s laboratory). First 0 1C 20 30
fixing mean stress a fatigue curve was obtained from , R ]
which the stress values corresponding to the fracture
at N=10% 10°, 10', were read out. These semi-

109 ‘

Fig. 25,

Carbon steel, repeated bending.

expenmental values are Compa.red with calculated 1eaults in fig. 25. In this case m= :3," az=a,
Fxperimental values for notched specimen of the same material were also compared with thco-
retical ones in fig. 26 for which =3, «=q and 4=0.88 were take.. In each case the agree-
ment is seen to be tolerably good.

2 \QL\J

20 40 . 60
’ TFig. 26, ' ’

Carbon steel, notched; repeated bendmg

\
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