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ABSTRACT

method of life prediction for individual specimens subjected
0 program loading, involving the use of strain criteria, is
roposed. The study of steels 45 and 15 KP is carried out at
ifferent regimes of the program loading, and the conformity

f calculated and experimental results is shown.
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INTRODUCTION

Por metal fatigue problems much attention is paid to the me-
hods of life prediction under progrem loading. The linear
rule of demage accumulation (Palmgren-Miner's rule) is mostly
sed for this aim: n Ni
2 NS

1 Neg — (1)
where Nl is the number of loading cycles at the stress 5&“

Nzi dis the life at the stress Oai;
N  is the number of stress stages at the program loading.

he relation (1) may be pu¥1down in a more general way as

ollows: Ni
Z. Nee (2)
here (1l is an experimentally defined value.

umerous experimental data show that quite a limited number of
these data corresponds to relation (1), in most cases d va-
ue/relation (2)/ varies over a wide range. A disadvantage of
the linear rule of damage accumulation in its usual interpre-
tstion is also in the fact that this rule provides the possi-
Bility of determining only average values of lives, which may
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i shows the program
differ substantially from the individual specimens lives. It s&-10Y 4{;_ gégggggzregimzs forpthgr
is accounted for by the fact that when using the linear rule : LT steels studied. Stresses
of damage accumulation not sufficient attention is paid to the L3 i (= for some loading stages
allowance for scatter of specimens and components lives, = "‘T 5 are represented in the fi-
The usual procedure is to count the number of cycles to com- t ] gure es well.
plete feilure under program loading at each stage and to di- //r— To plot Ga—N¢ dia-
vide this number of cycles Ni by the number of cycles to P grams for individual spe-
failure Nzi , determined according to the Ga- Nz diagrem, aE

cimens (the method will be

that corresponds to 50 percent probability of failure. /ﬁ?\\\\ y) described further on) block
This discrepancy may be eliminated by the use of not loading was pricegqed %& )
diagram with 50 percent probability of failure but diagrams ' Ne g control stage 2? 1n% R
corresponding to each individual specimen tested under prog- azrwzlggengiZsm:gsier
vEm foading, , l gor ugdamaged specimens.
This paper presents the method of obtaining Ga-Nz diagrams 0 |

o 700 200 3o w7

for individual sSpecimens 1nvolvin% strain criteria of hi%h—
cycle fatigue failure described e sewhere (Troshchenko, 979,
1981), as well as the results of life studies for steel 45
and 15 KP under program loading, and the analysis of the cor-
respondence of experimental data to the linear rule of damage
accumulation with account for individual properties of a spe-
cimen tested under program loading.

rig. 1. AE-N reletionship for
the steels investigated.
1 Steel 45 Ga =295 MPa;

2 Steel 15 KP 0Oa =180MPa.

EXPERIMENTAL PROCEDURE AND MATERIALS

Steels 45 (0.42+0.5%C; 0.540.8%Mn; 0.1740.37%Si; 0.25%Cr)
and 15 KP (0.12+0.19%C, 0.25+0.5%Mn; Si 0.07%; Cr 0.025%)
with ultimate strength 716 and 413 MPa, yield strength 468
and 267 MPa, relative elongation 22.8 and 40.1 and relative
reduction 46.9 and 68.9, respectively, were studied.

s — 65 &96
Tests were carried out under fully-reversed push-pull loading T 3
with the frequency of 36Hz on the testing set, described in ___{Zg: A
the work by Troshchenko and co-workers 19795. i —— 296

The testing set is equipped with a computer and sllows con-
stant stress amplitude test, es well as program loading to
be carried out and inelastic strain per cycle to be measured
with high accuracy in the course of testing. The diameter of
specimens studied was 5 mm.

Figure 1 presents exemples of inelastic strain change per
cycle, strain being equal to the width of the hysteresis loop
in the "stress-strain" coordinaetes, depending on the number
of loading cycles for steels studied under constant stress am-
plitude loading.

In conformity with the results obtained earlier (Troshchenko,
1981), velues of af corresponding to point M on the
af-N curve were teken as a characterigtic of fatigue
damage accumulation intensity in a specimen at s given level
of stress. Only these values of A€ are used in the course
of further investigation. The number of cycles corresponding
to point p was taken for the number of cycles to failure.

As the analysis showed, this point for the steels and stresses
Studied corresponds to a fatigue crack on a specimen surface,
the crack length being equal to 141.5mm, and the stage of
this crack propagation to complete failure ranged from 1 to

10 percent of the general life.
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Fig. 2. Loading regimes.
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EXPERIMENTAL RESULTS AND LIFE PREDICTION PROCEDURE.

Figure 3 presents fatigue diasgrams for steel 45 in Ga.‘N-,, and
a€-N- coordinates, same marks on these curves correspond
to the seme series of specimens,

The metnod of plotting OatNe gisgrons 007 15%imed as an
gimens is illustrate . b SRk P fod

: . GBGa-Nx diagrams are obtained on

:;{:Ig%]ig str:in measurement per cycle at the control sta%giug:g
the program loading with the use of constant stress amp

& ; It follows from Fig. 3
s 0\ I _ that the scatter in ex- tests data. imentally obbain-
A ' perimental data, when 1 ntains af—0a relations experimental
T20 o QN they are presented in Q‘éagiaﬁagecgy stage increase of stress value for dlffiiegz
L LORLP . a€-Nz  coordinates, o ecimens of the same series. The endurance limit for(19$9)
Joo—- -+ | A : e Ll is substantially less ggecimens as suggested by Troshchenko and &z;goiﬁegz Pl Gl
3 Pt than whgn they are pre- corresponds to afg., value, that may be ass I
- T T bk } Am?( :?.gz:% lHGJE?‘J:onZgg;— for certain classes of materials.
® dinates. The specimens _ a0 72 7
0 tested at the same va- 7 / : 7 I
ac& o lues of BGa have dif- i
o . ferent values of at i
. and as af increases,
the number of cycles
N to failure decreases.
’Z Similar results were
6 obtained for steel
74 has 15 KP as well.
a The results of experi-
2 i mental data evaluation T \
: in conformity with 1, &y &% V7
= f‘ for{rtuﬁlaT(%])_ are listed s& 1707 ; 22 ' q'M’ ——F
: in a : S >
0 74 0 Me e e oo e e o
Fig. 3. and diagrams f"‘" N2
for steel 45. 'ﬁ\ 260 (&-2)s
TABLE
: sLoad-: a 5 \0 g / (?:m
Calculation Mate- _ing AN yz i
& ‘re- ° ke == L]
method :rial :gime : Values : Aril‘ltlgg!gt ic 7 N seo &y
: : . range . value { 2 : %
v 4
Th; methodiin¥OIVMg S“tgel A 0.32 # 7.77 2.19 § 62 CaMfe
50% probability fa- i 4
Hkve e - g':g . 2';7 1‘?8 ‘ Ga - Ny di s
. + 6. 2. , Schematic of plotting a — Nz dlagram
Steel D 0.41 + 1.06 0.69 , e fgrexrrilndividual specimens made of
15 KP steel 45.
The method involv- Steel A 0.6 + 2.17 0.93 ! . Go- Ny die-
: 1 bove a T ia
ing fatigue curves 45 Teking into account everything mentioned above,
for individual spe- = 0.85 + 2.82 teq2 : gramsgfor individual specimens tested at reguir.\etﬁ Zig.Ga‘Z)z
cimens c 0.87 + 3.88 1.94 | were plotted in the gquadrent II. The slopes o e
Saoi a O 19 0.92 diegrems end No velue were found in accordance with ©a~Ng
e . . . :
15 §P £ ] diegrem in Fig. 3.

In case the value of inelastic strain is known only at the
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control stage of progrem loading (regimes B,C,D in Fig, 3).

a= N=z diagrams for individual specimens have been plotted
in the following wey.

Knowing the endurance limit for specimens with different af—0q
relations (quadrant ) relationships between the inelastic
strain value at the control stage of block loading and the en-
durence limit mey be obtained like in quadrant III,

For every stress level at the control stage there will be a
particular 2&«-G,, relation.

With such relations and known Ok and AEK values for a spe-
cimen tested under Progrem loading eppropriate Ga =Ny dia-
grams may be plotted like in quadrant IV.

For reliability verification of endurance limit values obtain-
ed with the procedure mentioned above, tests according to the
"up-down" method were carried out. Those tests demonstrated
good agreement of both methods., According to those methods the
average endurance limit value for steel 45 amounted to 271,9
MPa and 272.5MPa, and root mean-square deviations came up to
11.9 and 7.2MPa, respectively.

The fatigue curves plotted in the above way for individual
Specimens were used in the anelysis of test results obtained
under program loading. The.results of the damage sum calcula-

To evaluate the effect of loading history on the accuracy of
prediction, the strain s proach has been used in the present
study (Troshchenko, 1981). The calculation of an individual
Specimen life was made using formula (1) in which Nzi vaelues
were determined from the 8E=Ny curve equation of the type

AE-Ne=C (3)

The magnitudes of A€ were measured in the course of the expe-
riment at each step of loading regimes A,B and C up to the
moment of specimen failure, Different periods in the process
of inelastic deformation (softening, strengthening) observed
at constant amplitude stress (see Fig. 1) are present under
conditions of brogram loading as well. Therefore, the magni-
tudes of inelastic strain corresponding tuv the game stresses
in different blocks vary depending on the number of blocks.
And at the same time, the corresponding magnitudes of Ne de-
termined from equation (3) will vary, as well as the magnitude
of relative damage introduced by different blocks. The latter
fact implies that in the brocess of loading the position of
the Gg-Nz curve changes continually, and as g result, the
damage introduced by the stress below the initial endurance
limit is teken into account. The variation of  af in the
brocess of progrem loading described above takes place in each
specimen, but it differs for each specimen, That is why the
approach used makes it possible to simul taneously take into
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i tter in fatigue
loading history and the sca
?:gggggthbgﬁgrgggeristicg of individuel specimens.
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i tal values
f calculated and experimen X
ggm ?ﬁizogog individual specimens. A,B,C steel 45;

D steel 15 KP.
gur i imental Nze  eand
Fi1 § tzdpreseﬁ:i = 03$§3§;58? zieeiﬁgier of gycles to fai-
ggr:ufgr the steels and loading regimes stud%e . .
The use of equation (1) in its conventional 1nte§£§e22t$§2,
thgt is for determining Ngzi¢ value which is a p

i llows to define

O percent fatigue curve, al s
gggitggg’vgiiggog ﬁpc for each.loading regime. These value
are marked by dashed lines in Fig. 5. . g fishivin a8

i Fig. 5 represent date in calculs =
2§§§ gg;ngiaiger %f individuainipec1me22eg§og:¥;1girw$iizik
hile hollow po s repr t

%ﬁ:oe?gzggnzf goth loading history and properties scatter
was considered.

Fig.
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Curves 2 and 3 were obtained by processing each of the above
mentioned groups of points using the polynomial regression
method. Curve 1 in Fig, 5 corresponds to the case of ideal
coincidence of experimental and calculated lives. The dashed
lines inclined at the angle of 45° are praphical representa-
tion of the range in which the difference between calculsated
and experimental lives does not exceed 23

It follows from the analysis of the results shown in Pig. 5
that for the steels and loading regimes studied errors observ-
ed when using Palmgren-Miner's rule result mainly from the
fact that the scatter in fatigue strength characteristics of
individual specimens was not taken into account. The position
of curves 2 and 3 in respect to curve 1 proves that simulta-
neous allowance for both the loading history end specimens
properties scatter in accordance with the procedure proposed
mekes it possible to improve the accuracy of the prediction
of the number of cycles to failure. The effect of the loading
history for the steels and loading regimes studied is more
pronounced in case of long lifetimes.

CONCLUSION
The results obtained gave grounds for the following conclusims,

The procedure is proposed for plotting fatigue curves for in-
dividual specimens involving the measurement of inelasticity
characteristics at the control level of the stress amplitude.
Allowance for the scatter in fatigue strength characteristics
of individual specimens with the help of the procedure men-
tioned ensures better agreement of experimental data with the
Palmgren-Miner's rule.

For the steels and loading regimes studied the main error,
when Palmgren-liner's rule is used, is caused by the fact that
the scatter in individual specimens properties is not taken
into account in calculations of lives. The best agreement of
experimental and calculated number of cycles to failure is ob-
served in the region of short lifetimes.
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