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Applications of Singularity Functions For
Designing Farm Machinery Shafts

Rasim OKURSOY’

SUMMARY

The main purpose of this study is to demonstrate that the sin-
gularity function as an analytical method, beside the numerical analysis
techniques like finite elements method, are easily applied to determine
design parameters for power transmission shafts which are widely used
in farm machineries. The step size is important to integrate singularity
functions on computer. Because the T-Solver Plus software performs in-
tegration based on the iterations of the step functions, the shear force,
moment and the deflection of the shaft at any chosen locations can be
easily calculated due to the arbitrarily chosen step size. Depending upon
the amount of loads on the shaft, calculated deflection values are used
to find out the critical speed of the shaft.
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OZET

Tarim Makinalan Saftlarinin
Dizaynlarinda Tekil Fonksiyonlarinin Uygulanmalan

Bu caligmanmin temel amaci, tanm makinalannda yaygin olarak kul-
lamlan gii¢ iletim millerinin  dizayn parametrelerin  saptanmasinda  sonlu
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elemanlar gibi sayisal analizlerin yamnda, analitic bir metod olan tekil
fonksiyonlanmin  kolaylikla uygulanabilirligini gostermektir. Tekil fonksiyonlan-
min bilgisayarda integrallerinin alinmasinda adim  biiyiikliginiin  dnemi var-
dir. Tk-Solver Plus yaznlhm paketi bu iglemi, adum fonksiyonlanmn, ite-
raksiyonuna bagl olarak gerceklestirdifinden, secilen adim bilyikligiine gore
saftin  herhangi bir noktasindaki kesme kuvveti, egilme momenti ve sar-
kam  kolaylikla hesaplanabilir.  Saftn  kritik  devir sayisiun  bulunmasinda
milin  yiiklenme durumuna bagli olarak hesaplanan sarkim  deferlerinden
yararlanilir.

Anahtar Sozciikler: Tekil Fonksiyonlan, Safi, Kesme Kuwveti Mo-
ment, Sarkim, Kritik Hiz.

INTRODUCTION

Power transmission shafts in farm equipments are generally supported at
each end and are powercd by gear-gear, chain-gear, or belt-pulley systems. Be-
cause of their supported two end points, they are considered as simply suppor-
ted beams. Designing for farm machinery shafts requires numerical or analytical
calculation techniques. The finite elements method has been widely used for
designing power transmission shafts based on numerical analysis in recent years.
On the other hand, an analytical solutions can be carrired out to calculate opti-
mum design parameters of power transmission shafts.

MATERIAL AND METHODS

A simply supported and dynamically loaded transmission shaft generates
shear force, bending moment, rotation and deflection throughout the beam. All
these parameters can be described with mathematical functions using the strain
energy model which is known Castigliano’s theorem in literature (Shigley and
Mitchell, 1983). The Castigliano’s theorem is given as;

18]
b = — ¢
i oF,

where, 8;is the deflection of the beam with respect to the applied force (Fy), U
is strain energy which is the potential energy stored into a elastic member due to
the deflection. The amount of the strain energy for a deflected simply supported
beam is also depend on the dimension and modulus of elasticity of the shaft.
Starting with the strain energy concept, the loading function of the shaft can be
obtained as a singularity function which is sometime called load intensity (Deut-
schman, 1975). In this case the loads and the loading functions of power trans-
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mission members should be described precisely. Therefore, the solutions are in
the form of concentrated moment, shear, step, ramp or parabolic singularity
functions depending on the loads. Table 1 shows the common type of the singu-
larity functions and their notations.

Table: 1
Notations and Meaning of Singularity Functions

Functions Notation Meaning

Con. Moment <x-a>~2 ifx=athen F(x)=1  otherwise 0
Con. Shear <x-a>"1 if x=a then F(x)=1 otherwise 0
Step <x-a>0 if x < athen F(x)=0 otherwise 1
Ramp <x-a>1 if x < athen F(x)=0 otherwise x-a
Parabolic <x-a>2 if x < athen F(x)=0 otherwise (x—a)2

The shear and the moment are always zero when x = a. Similarly, the step,
the ramp and the parabolic functions generate zero only if x<a according to the
Table 1.

The power transmission shaft is cut with a imaginary plane for calculation
moment and shear in order to have x=x; where the x; is the length of the seg-
ment. The analysis is carried out the right side of the shaft after the imaginary
cut. The left handed side of the beam is usually ignored and the total force ac-
ting the beam is calculated by considering the equilibrium position at the cutting
surface. Similarly, the total moment is the summation of the moment that acts on
the shaft due to the total shear forces in equilibrium. From the results of these
explanations for a given specific simply supported beam, the loading function is
given as;

d“y

q = EI = -F <x-a>"1-F, <x-b>"1 ()

where, F; and F, are loads on the beam. Using the load intensity function the
shear and the moment equation can be obtained by integrating the load function
one and two times over the segment length respectively. Therefore, the shear
force and the moment equation as singularity functions are;

d3y
ds3

v = EI

= fqu = -F <xa>0-F, <xb>% + ¢ 3
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d?y

M= EI =fxfqux=—F1<x—a>l—F2 <x-b>'+cx+ ¢ (4)

where, E is the modulus of elasticity, I is the moment of inertia, y is the deflec-
tion of the beam with respect to applied loads. Using initial and the boundary
conditions, integration constants, c; and c,, are calculated. In this system, initial
and boundary conditions are; M(0) = 0, M(1) = 0, y(0) =0, and y(1) =0 respecti-
vely. Here, 1 denotes the length of the shaft. Boundary and initial conditions ex-
plain that there is no moment and deflections of the simply supported beam ac-
ting on supported points for this particular system. In Table 2., input parameters
are given for a sample solid circular shaft in order to test calculations,

Table: 2
Input Parameters for a Power Transmission Shaft

Loads (N) Location (cm) Diameter Length M. Elasticity
F1 F2 F1 F2 d (em) I {em) E (N/em?)
30 120 20 70 3 100 20*106

If the deflections on the simply supported power transmission shaft are
precisely calculated at the point of the loadings, the next step is to calculate the
critical speed (w) of the shaft. The critical speed is the measure for minimum re-
volution per minute of the shaft to have no high vibration effects. The critical
speed is given in literature (Spotts, 1978; Okursoy, 1988) according to the Ray-
leigh-Ritz method which is;

1 g_EinFi

W = ()

S 2
2 % ¥°F;
=0

where Fy’s are applied forces, y;'s are deflections due to these forces, and g is
the gravitational acceleration.

DISCUSSION AND RESULT

The shear and the moment diagrams as well as the loadings of a simply
supported power transmission shaft are given in Figure 1. Singularity functions
of the moment and the shear equations were solved on computer using Tk-Sol-
ver Plus-programming package. The analysis were carried out in the application
of the step functions for those equations. Calculations were able to performed in
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any step size. As can be seen from the Figure 1., the maximum shear, moment
and deflections were calculated for a particular shaft as 90 N, 2700 N.cm, 0.029
cm respectively. The critical rotation is 1920 rpm that the shaft should be allo-
wed as minimum rotation per minute for safety reasons.
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Figure: 1
The calculated shear, moment and the deflection
diagrams of the sample shaft using singularity functions

As a result, like numerical techniques, singularity functions can be used
for designing power transmission shafts. Singularity functions can be able to
solved using Tk-Solver Plus programming package at any step size. Since the
method are based on the computer iteration technique, increasing step size re-
quires less calculations.
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