DESIGN OF MACHINE ELEMENTS

4.3 Concentric or Composite Springs
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Fig. 4.15. Concentric springs.

Consider a concentric spring as shown in Fig. 4.15(a).
Let W = Axial load,

W1 = Load shared by outer spring,

W2 = Load shared by inner spring,

d1 = Diameter of spring wire of outer spring,

d2 = Diameter of spring wire of inner spring,

D1 = Mean diameter of outer spring,

D2 = Mean diameter of inner spring,

01 = Deflection of outer spring,

02 = Deflection of inner spring,

nl = Number of active turns of outer spring, and

n2 = Number of active turns of inner spring.
Assuming that both the springs are made of same material, then the maximum shear stressinduced in both
the springs is approximately same, i.e.

8sW, D K, 8W, D, K,
t(d)y ()
When stress factor, K, = K, then
.0y Dy

@) (@)
If both the springs are effective throughout their working range, then their free length and
deflection are equal, i.e.

(D

8, = 8,
(D) SH DY mD) m WD)
or — ) = =

@)’ e @ac T T @) (dy)°
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When both the springs are compressed until the adjacent coils meet, then the solid length ofboth the
springs is equal, i.e.
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nl.dl =n2.d2
The equation (ii) may be written as

(D) W (D)) i
(dy)’ (d)’
Now dividing equation (7ii) by equation (7), we have
2 (D) ' D
& = Q or ﬂ =—2=C. the spring index (V)
(dq)” (dy)” dy  d
i_e. the springs should be designed in such a way that the spring index for both the springs i1s same.
From equations (7) and (i), we have _
m e W ()

= = or = = ()
@)’ () Wy (dy)?
From Fig. 23.22 (a), we find that the radial clearance between the two springs,
{ﬂ_&]_(ﬂﬁ_:}
fe =
2 2] L2 2 _
Usually, the radial clearance between the two springs is taken as d — dy
.(i_&}_[ﬂﬂ_ﬁ} _d-d
"Lz 2 2 2) 2
-D
or ? =d, (v}
From equation (7v), we find that
D, = Cdy, and D, = Cd,
Sul:nstimtin_g the values of D, and D, in equation (v7), we have
Cd —Cd
—L1 =2 —4, or Cd,-2d,=Cd,
2 _ 2
From equation (:‘1*}:we- find that
D, =Cd,and D,=Cd,
Substituting the values of D, and D, mn equation (i), we have
Cdy —Cd
2 rA
dy C
d({C-2)=Cd, or —=— _(vif)
1(€-2) . dy C-2

Example 4.5. A concentric spring for an aircraft engine valve is to exert a maximum force of5000 N
under an axial deflection of 40 mm. Both the springs have same free length, same solidlength and are
subjected to equal maximum shear stress of 850 MPa. If the spring index for both thesprings is 6, find (a)
the load shared by each spring, (b) the main dimensions of both the springs, and(c) the number of active
coils in each spring.

Assume G = 80 kN/mm2 and diametral clearance to be equal to the difference between the wirediameters.

Solution. Given :
W =5000 N
0 =40 mm
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11 = 1o = 850 MPa = 850 N/mm?
C=6
G =80 kN/mm?2 = 80 x 103 N/mm?

The concentric spring is shown in Fig. 4.15(a).

(a) Load shared by each spring
Let W1 and W2 = Load shared by outer and inner spring respectively,

d1 and d2 = Diameter of spring wires for outer and inner springs respectively, and
D1 and D2 = Mean diameter of the outer and inner springs respectively.

Since the diametral clearance 15 equal to the difference between the wire diameters, therefore
(D,-D))- (d,+d,) =d,—d,

or D, -D, =24,
We know that D, = Cd,, and D, = Cd,
Cd,—Cd, =24,
dy c 6
: 4 _ =2 15
of d, C-2 6-2 ~®
.W d . 2
We also know that — = (—1 =(15) =225 (i)
W, d,
and W, + W, = W=>5000N (i)

From equations (77) and (7i7), we find that
W, = 3462 N, and W, = 1538 N Ans.

(D) Muain dimensions of bﬂfﬁ- the springs )
We know that Wahl’s stress factor for both the springs,
4C -1 0615 4x6-1 0615
Kl = KE = + = + =
4C-4 €  4x6-4 6
and maximum shear stress induced in the outer spring (T,),

1.2525

sW,.C 8x 34626 66 243
850 = Ky Xx—1= =1.2525x% = -
m(d;) m(d,)” (dy)”
o (ﬁil)z = 66 243 /850 =78 or d, =8.83 say 10 mm Ans.
and D, =Cd;=6d;=6*10=60mm Ans.

Sinularly, maximum shear stress induced in the mner spring (1),

8P, C §x1538x6 29428
850 = Ky X —=— =1.2525 % LI
m(d,)” m(d,)” (d1)"
(Ef])z =29 428/850=34.6 or *d, =588 say 6 mm Ans.
and D, =Cd,=6%6=36mm Ans.
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(c) Number of active coils in each spring
Let ny and n, = Number of active coils of the outer and mner spring respectively.
We know that the axial deflection for the outer spring (),

8W,.C7n  8X3462%6° X
Gd;,  80x10° x10
n; =40/7.48 =535 say 6 Ans.
Assuming square and ground ends for the spring, the total number of turns of the outer spring,
nl’ =6+2=8§8
. Solid length of the outer spring,
Lyp =ny".d;=8x10=80mm
Let n," be the total number of turns of the mnner spring. Since both the springs have the same
solid length therefore,

40 = =748 m

ny'd, = n,'d;

- #
dy  8x10
or ny = AL =133 say 14
- d} 6
and ny, =14-2=12 Ans. (e my'=n,+2)

Since both the springs have the same free length, therefore
Free length of outer spring

= Free length of inner spring

=Lg; +0+0.1586=80+40+0.15 x 40 = 126 mm Ans.
Other dimensions of the springs are as follows:
Outer diameter of the outer spring

=D, +d; =60+ 10 =70 mm Ans.
Inner diameter of the outer spring

=D, —d;=60-10=50 mm Ans.
Outer diameter of the inner spring

=D, +d, =36 +6=42 mm Ans.
Inner diameter of the inner spring

=D, —d,=36—6=30 mm Ans.

4.1.12 Helical Torsion Springs

The helical torsion springs as shown in Fig. 4.16, may be made from round, rectangular orsquare wire.
These are wound in a similar manner as helical compression or tension springs but theends are shaped to
transmit torque. The primarystress in helical torsion springs is bending stresswhereas in compression or
tension springs, thestresses are torsional shear stresses. The helicaltorsion springs are widely used for
transmittingsmall torques as in door hinges, brush holders inelectric motors, automobile starters etc.
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Fig. 4.16. Helical torsion spring.

A little consideration will show that theradius of curvature of the coils changes when thetwisting moment

is applied to the spring. Thus,the wire is under pure bending. According to A.M.Wahl, the bending stress
in a helical torsion springmade of round wire is

2 M 32 Wy
o, = KX 7= K x SJ
md Td
acr-c-1
where K = Wahl’s stress factor = —
AC" — 4C

C = Spring index,
M = Bending moment = " x y,
W = Load acting on the spring,
y = Distance of load from the spring axis, and
d = Diameter of spring wire.
and total angle of twist or angular deflection,
Ml MxmnDn _ 64MDn
EI Exnd*/é4  Ed*
where [ = Length of the wire = D n,
E = Young’s modulus,

;e =

. . T .
I = Moment of inertia = a x di;

D = Diameter of the spring, and
n = Number of turns.
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and total angle of twist or angular deflection,

‘M] _ MxnDn _6AMDn
EI Exnd'/64  Ed*
Length of the wire =1t D n,

E = Young’s modulus,

where {

. _ | .
I = Moment of itnertia = a x ﬂH;

D = Diameter of the spring, and
n = Number of turns.

. 64 M Dn
and deflection, §=0xy= —Qa Xy
When the spring is made of rectangular wire having width b and thickness 7, then
6 M 6W xy
Ub = K — = K = —21
_ th* th
3¢t -c-08
where K = 3
3C° —3C
12 TMD. | 12 TMD.
Angular deflection, b= 731?1: and d=8y= 73}? Xy
Eth Eth

In case the spring 1s made of square wire with each side equal to b, then substituting 7= b, in the
above relation, we have

o, = kxS - gx XY
Ty b
12TM Dn 12nTtM Dn
f=—"7—: and d=—7F—xy
Eb Eb

Example 4.6. A helical torsion spring of mean diameter 60 mm is made of a round wire of6 mm diameter.
If a torque of 6 N-m is applied on the spring, find the bending stress induced and theangular deflection of
the spring in degrees. The spring index is 10 and modulus of elasticity for thespring material is 200
kN/mm?. The number of effective turns may be taken as 5.5.

Solution.

Given:

D=60mm;

d=6mm

M =6 N-m = 6000 N-mm

C =10 :E = 200 KN/mm?= 200 x 103 N/mm?
n=55
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Bending stress induced
‘We know that Wahl’s stress factor for a spring made of round wire,
_4c’ —Cc-1_4x10°-10-1

- = = - =1.08
4C° - 4C 4x10° —4x10
.. Bending stress induced,
G, = Kx2 ’f =1.08x w =305.5 N/mm” or MPa Ans.
nd mX6

Angular deflection of the spring

‘We know that the angular deflection of the spring (in radians),

0 = 64 ‘M;D_n _ 64 %6000 ><360 ><45.5 — 0.49 rad
Ed 200x10° x 6
180
= 049 x — =28° Ans.
n
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