Terms used in Compression Springs

1. Solid length. When the compression spring is compressed until the coils
come in contact with each other, then the spring is said to be solid. The solid
length of a spring is the product of total number of coils and the diameter of
the wire. Mathematically,
Solid length of the spring,

LS=n'd
where n' = Total number of coils, and
d = Diameter of the wire.

2. Free length. The free length of a compression spring, as shown in Fig., is
the length of the spring in the free or unloaded condition. It is equal to the
solid length plus the maximum deflection or compression of the spring and
the clearance between the adjacent coils (when fully compressed).

Mathematically,



Free length of the spring.

L = Solid length + Maximum compression + *Clearance between
adjacent cotls (or clash allowance)

=n'd+d +0156
The following relation may also be used to find the free length of the spring, i e.
L=n'd+d +('-1)*1mm
In this expression, the clearance between the two adjacent cols 15 taken as 1 mm.
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3. Spring index. The spring index is defined as the ratio of
the mean diameter of the coil to the diameter of the
wire. Mathematically,

Spring index, C=D/d
where D = Mean diameter of the coil, and
d = Diameter of the wire.

4. Spring rate. The spring rate (or stiffness or spring
constant) is defined as the load required per unit
deflection of the spring. Mathematically,

Spring rate, k=W /6
where W = Load, and
6 = Deflection of the spring.



5. Pitch. The pitch of the coil is defined as the
axial distance between adjacent coils in
uncompressed state. Mathematically,

Free length

Pitch of the col. p= T
n -
The pitch of the co1l may also be obtained by using the following relation, 7.e.

Ly — Lg

]

+d

Pitch of the coil. p=

where LF = Free length of the spring,
LS = Solid length of the spring,

n' = Total number of coils, and

d = Diameter of the wire.



End Connections for Compression Helical Springs

AR 2N PN s
{{—L - L Lo\ SRR/
\“‘:ﬁ/ Z \EM

=
—
E_
-

-hlll |‘:—‘II |'I:d-‘il'I

r
|III IIII 1:5I_ |III III| II II I'| III| |
1 [ Iy {

II

LJ \ ;l LJ k_,!

'I;:-N-Nll l‘rhlll |J:.-H-hiII
A

)

-

S 'Iﬁ::-'ff::}

e —

(@) Plain ends. (b) Ground ends, (€) Squared ends. (d) Squared and
ground ends.



ends

DNype of end Total mmber of Solid length Free length
turns (n')
1. Plam ends H (n+1)d pxn+d
2. Ground ends H nxd P*n
3. Squared ends n+2 (n+3)d pxn+3d
4. Squared and ground n+2 (n+2)d pxn+2d




stresses in Helical Springs of Circular Wire

Consider a helical compression spring made of circular
wire and subjected to an axial load W, as shown in Fig.

Let D = Mean diameter of the spring cail,

d = Diameter of the spring wire,

n = Number of active coils,

G = Modulus of rigidity for the spring material,

W = Axial load on the spring,

T = Maximum shear stress induced in the wire,

C = Spring index = D/d,

p = Pitch of the coils, and

b = Deflection of the spring, as a result of an axial load W.
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(a) Axially loaded helical spring. (#) Free body diagram showing that wire

is subjected to torsional shear and a
direct shear.

Now consider a part of the compression spring as shown in Fig (b).
The load W tends to rotate the wire due to the twisting moment ( T)
set up in the wire. Thus torsional shear stress is induced in the wire.

A little consideration will show that part of the spring, as shown in Fig
(b), is in equilibrium under the action of two forces W and the
twisting moment T. We know that the twisting moment,
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The torsional shear stress diagram is shown in Fig (a).

In addition to the torsional shear stress (t1) induced in
the wire, the following stresses also act on the wire :

1. Direct shear stress due to the load W, and
2. Stress due to curvature of wire

We know that direct shear stress due to the load 7™

Load

T, = - 3
Cross-sectional area of the wire

W 4T
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The direct shear stress diagram is shown in Fig. (b) and the resultant
diagram of torsional shear stress and direct shear stress is shown in Fig
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(a) Torsional shear stress diagram. (#) Direct shear stress diagram.
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We know that the resultant shear stress mnduced 1n the wire,
_ 8W.D ; 4
nd  nd
The positive sign 1s used for the mner edge of the wire and negative sign 1s used for the outer
edge of the wire. Since the stress 15 maximum at the inner edge of the wire, therefore

Maxmmum shear stress mduced 1n the wire,
= Torsional shear stress + Direct shear stress
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. (Substituting D/d = C)

where = Shear stress factor=1 + %

‘8WD 1
From the above equation. 1t can be observed that the effect of direct shear l T d3 A C ] 15

appreciable for springs of small spring index C. Also we have neglected the effect -:rf Wire curvature
in equation (7i7). It may be noted that when the springs are subjected to static loads, the effect of wire
curvature may be neglected, because yielding of the material will relieve the stresses.

In order to consider the effects of both direct shear as well as curvature of the wire. a Wahl's

stress factor (K) introduced by A M. Wahl may be used. The resultant diagram of torsional shear,
direct shear and curvature shear stress 1s shown in Fig. 23.11 (d).

.. Maximum shear stress induced 1n the wire,

8WD sWC
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where K= +

-4 C



The values of K for a given spring index (C) may be obtained from
the graph as shown in Fig.
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The Wahl'’s stress factor (K) may be considered as composed of two sub-
factors, Ks and Kc, such that

K=Ks x Kc

where Ks = Stress factor due to shear, and

Kc = Stress concentration factor due to curvature.



