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ABSTRACT

Using vector analysis, a new graphical method is proved and modified to
combine the sinusoidally varing normal and shear stresses which are, in
general, out —of phase. The values and directions of the maximum normal and
shear stresses at any instant and the maximum values of these stresses

overall the load cycle obtained from one construction.

Some applications are demonstrated to show the advantage of this method and
its capability to estimate the values of the applied loads and their phase

angles to obtain certain function of the maximum stresses (constant for

example).
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NOMENCLATURE

normal stress

shear stress

amplitude of normal stress
amplitude of shear stress ‘
circular frequency

time

phase angle [botwnu oy ar d

X
phase angle [b.twoen Ty
unit vector in o direction '|
unit vector in 7 direction
principal stresses !

direction of crl

maximum shear stress
SUBSCRIPTS

co—ordinate in x —direc
co—ordinate in y —dir
co—ordinate shear
free vectors

normal direction at 'rm‘ﬁ la

maximum value of e
minimum value of m
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1- INTRODUCTION

The solution of the fatigue loading problem for monofrequency combined
loads depends on whether such loads are in—or out—of phase. The inphase
load problem have been carefully solved [1, 2, 3] form which it has been
shown, for sinusoidal load that while the magnitude of the maximum normal

and shear stresses varies sinusoidally, their directions remain constant.

In 1966 R.E. Little [4) proposed a graphical method to calculate the maximum

shear stress for variable loads (Normal and shear) with different phase angle

and frequency. This method is based on drawing the [Txy_ cx] diagram on

the x, y plane and to surround it with an ellipse (similar about x, y axis, its
ratio 1:2). The point of tangency gives the maximum value of the maximum

shear stress.

The outhor could not be able to find further work in the literature

concerning this course of study of the out of phase loads.

The Mohr’s circle as a graphical method gives instantaneous solution for the

three variable stresses [ox. Oy Ty ] out of phase problem. In this work the

Y
Mohr principle is generalized to cover all the load cycle in one graph.

PRESENT WORK

In the suggested method, the considered element is shown in Figure 1.

o, = A, €08 (wt)
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a, - Ay sos (wt+4 ¢)

T, = B cos (wt+7)
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=—~Ay+B

& , 7 are unit vectors

Draw the circle “D” with dimq’:‘f
“H” qwith diameter Il and
two points “i, i'". Circle “H” i"
and the line “lim” is hoﬂz'.miﬁl,lL
(parallel to 7). At :];‘«'
determined as l’o,llon?f
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The normal stress “o_” at'the

n
o+ o, A
a“ == —i— == -
% Ay, - @ +-Ay
T

L

= length of line

The angle between “nl” and
where “0” gives the dirlctinnf'
time “t” Figure 3. E

Also, we have the followln;,réf
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rotating line “mil”

Tm and o, directions are

angle between “ml” and “A.’

Now, it is clear that

is obtained when Iline
(nd1'). Also, the maxim
obtained, from oqultiuw
and equal to A” (m' i 17).
than (o |

n.max + Tm.max;f’ ;

% .max = n.max
To obtain the pasitiy“t
corresponding point "ﬁ

“I'" and “1° by tesi LSRN

The purpose of this ﬁ:
the values of the i
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loading but also to achieve a casec of loading to obtain

certain function of “Tm, g, 0,y 0, and 0” overall the load

cycle. This is demonstrated in the following examples :—

a— Constant maximum shear stress

[ ”

It is clear from Figure 2 that the location of point “n

with “d” gives the variation in “Tm . So if points “n

and “d” coincide, then, from Figure 4, :—

Ty = N l = radius of circle “D” = constant = | B 1|.

Then , o, will be maximum as (g is maximum

% .mex = Zn et
where
s A
%n. max FA"

It is clear that L and o change their directions with

time “t” according to the linear relation
- o
20 = 5 &y wt

b— Constant principal stress

If the length “ml” is equal to zero the value of “an” will

Alexandria Engineering Journal October 1989




A Grafical Method For The Analysis Of Variable Stresses 401

be zero. This occurs when the two circles “D, H” coincide,

" ”» “ ”»

and point “m” lies on point “1”., In this case point “o

and “k” coincide, and the value of “al” is equal to “Tm”

(13 »

If  peint n lies on the <center of circles “D, H”,
Figure 5, then the value of “a)” is represented by the
radius of circle “D” or “H”. In this case points “n, h and

d ” coincide then, :—

o, =T, = | B I
On = ()
20 = — wt
Fig. 5: (A, = — Xy =" —"B, o S P Constant,

This mean that ¢ = 180", ¥ = 90° and A, = B = Ay, or in

vector form Ax = — Ay = — B
It is interesting to notice that :f 1_\x———-—xy=—B_ (vector
B is inversed) points (h, d, o, i, m, 1 and k) coincide

and the radius of circles “D, H” is zero, Figure 6
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Fig. 8

is always equal to “x/2”, circle “A”” give

‘ ”

403

the path of

point “q and line “qk” is always horizontal. From

equation (1)

o, = A" lg =gk
Draw circle “D” with diameter IDI = IB — A’l in Figure
8, then draw “il” horizontal, where “l” at circle “D” , we
know that
2 2 %
kl =[x .5) +(B. 7]} =T
Tm.max kdj = X
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p is the angle

n is the *g

v = wi =i
Now consider
uq” be the s !
such that (k i ‘,
line
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Reffering to
the coordina

Equation (4)
IfyY = |
diameter
diameter
be appro
“S,» Sgw'
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i

radius p =

We find that § mnsy’
between these two pg{
“u, ¢” with the
(X=Y) : X to pgive
best approximation

Figure 11 show the
different '

important area wh

Now for any ti
“wt” with A

The value

by turning
calculating it 3

(Appendix 1 )

et
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where .' [
a = k § lj
vV = | 4~ ] cos
T
W= %— q l.tnv'
a = SE p LN

This equation ) b*
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A symmetrical case about “Y"” axis
of this method, we can have
constant if X=Y -4+ A”. The valu

«q"

“""""‘1"'"‘ T e —n — AL

x=Q%Y
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5- CONCLUSION

The present work is concerned with the combined out of
phase loads using a graphical method. In general, it has
the advantage of simplyfing the problem; also it give a
good visibility for the variation of the direction and
magnitude of both shear and normal maximum stresses
overall the load cycle. Also the given applications show
the capability of this graphical method to deal with
special cases and to estimate the complete analysis of the

problem.

The simplicity of this method is the possibility of
describing the loading condition by two circles and one
point ,whose values and location depend on the amplitude
and phase angle of the appl}ed stresses (Ax’ Ay, BRI ¢ ),
and drawing two straight line. The modified method can be
used to describe the stress condition by drawing one

straight line.

REFERENCES

[1] I. Marin, Mechanical properties of Materials and
Design, McGrow—Hill Book 1982.

[2) C. R. Soderberg “Working Stresses” Trans A.S.M.E.,
Vol. 57, P.A.106 (19550

[3] Tomokazu Matake, “An explanation on fatigue limit
under combined stress” Bulletin of the JSME Vol. 20
No. 141—1 March 1977

[4] R.E.Little, “Fatigue Stresses from Complex Loadings”
Macchine Design, 38, 145 (1966).

Alexandria Engineering Journal October 1989



410 Alaa Eldin Hassan Hamdy "W

APPENDIX 1

From Figure 14 we have

o, = Jrz —a?sin’ Y + acosP + A




