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ELASTIC STRESS CONCENTRATION FACTORS. DOUBLE RADIUS FILLETS IN
SHOULDERED SHAFTS IN TORSION

1. NOTATION

D maximum diameter of shaft m in

d minimum diameter of shaft m in

Ka + Kg stress concentration factors at circumferential lines A and B,

respectively (see Sketéhl), in double radius fillets defined by

5 O = K:Aqref anqu = KI':“sqref
e K’ stress concentration factor for single radius fillets defined by
wl — ]
B Omax = K Oref
©
*g I length of fillet in direction of shaft axis (see Skekh) m in
(S)
§ Iy radial height of fillet (see Sket¢hl) m in
©
17
‘GEJ da+ dg shear stresses at circumferential liAemndB, respectively (see  N/m? Ibf/in?
P Sketch2.1), in double radius fillets
>
(O]
s Umax maximum shear stress in shaft with single radius fillet N/m? Ibf/in?
L
= Oy of % N/m2  Ibffin?
Q md
g r radius of single radius fillet (equal to lesset,odr ) m in
.'go ry fillet radius at end of double radius fillet that runs out on shaft m in
>
Q.
S ry fillet radius at end of double radius fillet that runs out on m in
8 shoulder flank
(%]
- T torque applied to shaft N m Ibf in

Both S| and British units are quoted but any coherent system of units may be used.

2. NOTES

The stress concentration factor at a shouldered shaft subjected to torsion can be reduced to any desire
value by the introduction of a sufficiently large single radius fillet. In practice this is not always possible,
usually due to restrictions on the axial length and the radial height of the fillet. In such circumstances the
use of a carefully chosen double radius fillet, of the type shown in Skétaan slightly reduce the stress
concentration below that which can be obtained within the constralgtama/orl, with a single radius

fillet of radiusr. Depending upon/r, and whethel, or I, governs the fillet, reductions to abdud2K"

and0.8K' respectively are possible. Value&6f  are given in Section 2 of Item No. 69021 “Elastic stress
concentration factors, geometric discontinuities in rods and the tubes of isotropic materials”.
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/rl tangentia! with d

ly

| 0

§ B\A
r, tangential with r,

A tangential with shouider flank

Sketch 2.1

In double radius fillets there are two separate peak concentrations of stress; they occur at the circumferentia
lines markedA andB on Sketcl2.1 Within the constraints d and/orly, the lowest peak shear stress is
obtained with the largest fillet for whidp = o5 , that isK), = K’z . Therefore, Figurésand2 giver,/d

plotted againdt/d andl,/d forry/r, = 3 and 6, respectively, for the conditiéij = K'y and Fiduyeves

the associated reductioni€l, /K'(= Kg/K')  plotted agaips .

These data relate to geometrically perfect fillets. The peak shearggt@ssirs at, or close to, the point

of common tangency between the two radii. It is necessary to have a good blend between the two radii a
their point of common tangency to ensure tatdoes not exceeq,. Small variations imy andr, to
accommodate manufacturing requirements should be considered to ensure that the full benefits of the doubls
radius fillet are realised. This is particularly so with regand, &ince a 10 per cent reductionrionly

can lead to a 10 per cent increasegn q

3. DERIVATION

ESDU Copyright material. For current status contact ESDU.

1. BATTENBO, H. Numerical stress concentrations for stepped shafts in torsion with circular and
BAINES, B.H. stepped fillets.J. Strain Anal.\Vol. 2, No. 2, pp. 90-101, February 1974.

4. EXAMPLE

It is required to provide a fillet having a stress concentration factor of less than 1.2 at a shoulder in a
transmission shaft. The shaft diameters either side of the shoulder are 86 mm and 130 mm. A spacinc
washer carrying the maximum allowable 45° chamfer of 8 mm to accommodate the fillet is provided.

Assuming a single radius fillet with= I, (= I, since a 45° chamfer is provided) then

D _ 130 _ r_ 8 _
S = g - lSlandg = = = 0.003.

Then, from Figure 2.10 of Item No. 6902, = 1.29 . This value is too high so resorting to a double
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radius fillet with a stress concentration factor of less than 1.2 requires that

Ky K
“A - B o 12 g3
K~ K 12

©

Sincely and |, are restricted to 8 mm maximum and since with a double radiud,fgit exceedl, then
Iy = 8 mm is the governing restriction. Then, from the upper curve of Rgtoan be seen thatr, = 3
will satisfy this requirement.

Thus, from Figurel with I, at the maximum allowable value of 8 mm givifl = 0.093 and following 3;
the path indicated on the figure by the chain dotted line, '

ESDU Copyright material. For current status contact ESDU.

r |
—al = 0.135 at which valueay = 0.059.
Thus, r, = 0.135x 86 = 11.6mm,
Iy = 0.059x 86 = 5.1mm
and r, = 11.6/3 = 3.87mm.
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