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1.1 Applications of helical springs

The principal properties of helical springs, which determine their selection in preference to
other types of spring, are:

1. Accurate rate, i.e. a reaction that is accurately related to displacement.
2. Flexibility, i.e. a relatively wide range of displacement.

Helical springs combine these properties, whilst torsion rods, for example, give accurate rate
but low flexibility, and laminated springs give good flexibility but less accurate rate. The
accurate rate given by helical springs is due to the absence of friction and damping. In
applications where damping is important, laminated springs, ring springs or disc springs may
be more suitable than helical springs.

Helical springs should, wherever possible, be used as compression springs rather than
extension springs, since the latter introduce end effects, which tend to complication and loss
of efficiency.

Circular section wire or rod should be used for helical springs in preference to rectangular
section bar, except where the functional advantages of the latter make the use of a
rectangular section desirable. The reason for this is the difficulty in obtaining nominally
rectangular or square section material, which actually must be trapezoidal, and the fact that
such material cannot be obtained ground. The advantages of rectangular section springs are
that they can be designed to give greater volumetric efficiency than is possible with single
springs of circular section, and that a rectangular section spring has a higher resistance to
lateral buckling than the corresponding spring of circular section.

A comparison between single springs shows that the circular section is always more efficient
than the rectangular in terms of weight, but generally rather less efficient in terms of volume
of housing.

Although the single rectangular section spring has some advantages over the single circular
section spring, circular sections can be utilised to give the required performance if used as
nested springs. Nested springs in parallel are recommended for high volume efficiency and
nested springs in series, i.e. telescopic springs, are recommended for a deflection, which is
large in relation to the length of housing available for the fully compressed spring.

1.2 Notes on design of circular and rectangular sec  tion springs.

This data sheet gives the basic formulae for calculating the stress and deflection in a spring
of known dimensions and a method of design for selecting the dimensions of a spring for a
given performance specification.

The basic formulae for circular sections are simple algebraic functions of the spring
dimensions. For rectangular sections there are corresponding formulae modulated by
variable coefficients, the values of which are tabulated.

The design methods make use of non-dimensional functions of different combinations of the
guantities specified. These design functions, which are tabulated for single and nested
springs of circular section, and given as design charts for springs of rectangular section,
should be used for selecting the most suitable spring. The results should always be checked
in the basic formulae.

The nomograms for circular section springs enable the basic formulae to be quickly
manipulated. Their principal use is to show how the dimensions of the spring can be
1
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adjusted to give the required stress or stiffness, if the first estimate given by use of the
design functions (Table 1) requires to be adjusted, for example, to make use of a standard
size of wire. For rectangular section springs the basic formulae, which depend on variable
coefficients, cannot be presented as simple nomograms.

For the purpose of this data sheet ‘light’ and ‘heavy’ springs are defined as follows:

‘Light’ springs are regarded as those made from material below about 12.5mm in diameter or
12.5mm x 3mm in section.

‘Heavy’ springs are made from material above these sizes.

The main difference lies in whether cold or hot coiling is appropriate but the dividing line
between ‘light’ and ‘heavy’ springs depends to some extent on the design and material of the
spring.

1.2.1. Spring index

mean coil diameter
- - are
diameter of wire

more difficult to coil accurately. For circular sections, ¢ should not be less than 3.0 and
should preferably not exceed 10.

Springs with a very high or very low value of the index c, the ratio

For rectangular sections, the spring should be designed within the limits ¢ = 3.5 to 5.5 and
shape ratio m, the ratio, radial width/axial thickness of the section = 1.5 to 3.5. The coiling of
rectangular section springs on the flat, i.e. with m less than 1, is possible but not to be
encouraged owing to anticlastic curvature of the section.

1.2.2 End coils

Heavy springs. The total number of coils N should be taken as follows:
Circular section N=n+1%
Square section N=n+1%g
Rectangular section N=n+2

where n = number of working coils

Light springs. The total number of coils N should be taken as follows:

End coils

closed and ground N=n+2
closed but notground N=n+2
open N=n

1.2.3 Length of nested springs

The solid length, including end coils, of the outer spring in a nest should be slightly greater
than that of the inner spring or springs, since the outer spring will tend to control the stiffness
of the nest. Thus the several springs in a nest should have the same length, omitting end
coils, not the same overall length. Adjacent springs should be wound in opposite directions
to prevent interference.

1.2.4 Clearance at maximum load

The free length of the spring should be chosen so that sufficient clearance is left between
coils when the spring is compressed by the maximum working load. This clearance should
generally be not less than 15% of the deflection of the spring from the free length to the solid
length.
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The free length, which satisfies this condition is obtained by multiplying the maximum
working deflection by 1.18 and adding the result to the solid length.

1.2.5 Tolerances on rate

The following is based upon BS 1726: Part 1: 1987 which should be referred to for a full
explanation upon application, calculation and applicability to the design.

This Part of BS 1726 differentiates between springs that have or have not been stress
relieved after forming (hereinafter designated group A springs), and springs, the material of
which has undergone a structural change by heat treatment after forming (hereinafter
designated group B springs).

The rate tolerances apply only to the range 20% to 80% of the safe deflection from the
nominal free length of the spring and to springs with more than 3.5 total coils.

For group A spring with more than 3.5 and less than 5 total coils:

0.224N (N +2.5)
(N-2.9)

(a) the grade 1 tolerance on rate is + % ;
0.224N (N +2.5)

%.
N-29)

(b) the grade 2 tolerance on rate is £1.5x

For group A springs with 5 or more coils, the tolerance on rate is 4% for grade 1 and 6% for
grade 2.

For group B springs with more than 3.5 and less than 5 total coils:

0.224N (N +2.5)

%,
N-29)

(a) the grade 1 tolerance on rate is £1.2 x

0.224N (N +2.5)

%.
N-29)

(b) the grade 2 tolerance on rate is £1.8 x

For group B springs with 5 or more coils the tolerance is 4.8% for grade 1 and 7.2% for grade
2. Grade 1 springs are those where close agreement with design requirement is important.

Grade 2 springs are those where close agreement with design requirement is not important.
This class should be used when the design permits.

1.2.6 Helix angle

The angle of the Helix of the spring unloaded should not be too large. With a large helix
angle the increase in coil diameter when the spring is compressed may exceed 2%. This
effect should always be considered.
2 2
The mean diameter at the solid length L. is given by D, = |D? +% where L, is the free
np

length of the spring.
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Figure 1

Nomogram for Stress and Wire Diameter
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2.1 Notation and basic formulae

P = axial load applied to spring (or nest of springs)
g = shear stress due to P
d = deflection due to P
S = % = rate or stiffness of spring
G = modulus of rigidity, taken as 79 300 N/mm? for carbon, low alloy and martensitic
stainless steels
D = mean diameter of coil
d = diameter of wire or rod
D o
c = 9 = spring index
n = number of working coils
N = total number of coils
L, = free length
L. = solid length
L' = nd = solid length, omitting end coils
D, = outside diameter of coil (outermost spring in a nest)
D; = inside diameter of coil (innermost spring in a nest)
N, = number of springs in a nest
. . D, second (third)coll
x = clearance factor for nested springs in parallel = _ _
D, first (second)coll
C1to Cs = functions of c and N, as given in sections 2.3 and 2.4

Basic formulae

_8PD , 8cP

K K 1
od® o2 1)

P Gd* Gd
= = = 2
d 8nD® 8nc? @)

Ga

= 3
q 7L 3

Cc+
where K =
c-1

Other useful relations

is the stress-correction factor for curvature. (Sopoith)

K = 4C-1+0.615

Wabhl
4c- 4 C ( )
K=2 0.5 (Bergstrasse)
c-0.75

D, D, _Db,+D;, D,-d

= ,C= =
c+l c-1 D, - D, d

Do = (¢ + 1)d, D = (c — 1)d, d =

Note. The units used throughout are Newtons and millimetres.
5
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2.2 Application of basic formulae: stress analysis

The basic formulae (1), (2) and (3) enable the stress and deflection for a given load to be
calculated from the spring dimensions. These formulae should always be used as a final
check on values obtained from nomograms or tables.

Use of nomograms

The two nomograms, Figures 1 and 2, each show two vertical lines on either side of a central
reference line. If any three values are known, the fourth can be found by projecting through
the reference line, as shown in the diagrams.

The nomogram for stress and wire diameter, Figure 1, can also be used for a first estimate of
the wire diameter to carry a given load, by projecting horizontally from P to d. Thus for a load
of 890N the wire diameter would be about 5.1 mm, and for 8900 N about 15.9 mm. This
provisional estimate, which is based on average values for stress and spring index, is a
necessary preliminary to the choice of material and the selection of maximum stress.

If the range required is beyond the range of the nomograms, note on Figure 1 that P is
proportional to d?, and for very small wire read twice the wire diameter against four times the
load. Note also on Figure 2 that S is inversely proportional to n, hence for very light springs
read twice for stiffness against half the number of turns. For material other than steel and

value of S, read from Figure 2, must be multiplied by % where G is the appropriate

modulus, e.g. if G = 41340 N/mm? the true value of S is 0.522 times that read from the
nomogram.

EXAMPLE

The dimensions of a steel spring are: outside diameter 94 mm wire diameter 10.1 mm
number of working coils 20. Find the rate and the stress under a load of 4450 N.

. (94- 10.2)
10.1

=8.3

On Figure 1 join the points ¢ = 8.3, d = 10.1 mm and project to the reference line, project
from the reference line through P = 4450 N and read the stress q = 1040 N/mm?.

On Figure 2 join the points n = 20, ¢ = 8.3, and project to the reference line, project from the
reference line through the point d = 10.1 mm and read the rate S =8.5 N/mm.

2.3 Alternative design method

The problem of design is to find the dimensions of a spring for a specified performance. This
is the inverse of the problem of finding rate and stress when all the dimensions are known.
The design problem can be solved from the basic formulae by a process of successive
approximation, but the use of the following functions of the spring index gives the solution
more readily:

D, / / D,
C, =4 ; , C, =D, g’Csz L’C4:Di g’Csz :
L.'S P L.'q P L.'S
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Figure 2

Nomogram for Rate and Number of Coils
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Here D, is used in preference to D' since the problem may be to find the remaining
dimensions when the diameter of the spring housing is given.

Values of these functions are given in Table | for the range of values of ¢ from 2 to 12.
Wherever possible, ¢ should be restricted to the range from 3 to 10 (see section 1.2.1), but
values greater than 10 may sometimes be necessary to avoid excessive lengths of spring.
CIRCULAR SECTION SPRINGS

C1, Co, TC3,Cy, TCs

D,’ q d q D,’
Ci=4/—2—, C=Do /o, C3= |——, C4=D; |2, Cs= 4| —
TALs T VP L VP LS

For values G* other than 79300 N/mm? C; and Cs should be multiplied by 4,/752)’100 and Cs;

Table | values of design functions

79300

should be multiplied by ol

1

C, C, C;x 107 C, Cs C, C, C;x 107 C, Cs
0.292 10.0 8.43 3.35 0.071 1.138 34.3 37.70 25.30 0.410
0.458 14.0 14.93 7.00 0.135 1.159 35.0 38.30 25.90 0.417
0.635 18.9 21.32 11.30 0.206 1.180 35.7 39.02 26.50 0.426
0.652 19.4 21.92 11.80 0.213 1.201 36.3 39.62 27.10 0.434
0.670 19.9 22.52 12.30 0.221 1.222 37.0 40.22 27.70 0.443
0.691 20.5 23.12 12.80 0.228 1.242 37.7 40.83 28.40 0.452
0.708 21.0 23.85 13.30 0.235 1.263 38.4 41.43 29.00 0.459
0.725 21.6 24.45 13.80 0.243 1.284 39.0 42.15 29.60 0.468
0.746 22.1 25.05 14.30 0.250 1.305 39.7 42.75 30.20 0.476
0.763 22.7 25.65 14.80 0.257 1.326 40.4 43.36 30.90 0.485
0.781 23.3 26.37 15.30 0.264 1.346 41.1 43.96 31.50 0.494
0.802 23.8 26.98 15.80 0.273 1.367 41.8 44.68 32.20 0.502
0.822 24.4 27.58 16.30 0.280 1.388 425 45.28 32.80 0.510
0.840 25.0 28.18 16.80 0.288 1.409 43.2 45.88 33.50 0.518
0.861 25.6 28.90 17.30 0.296 1.430 44.0 46.49 34.20 0.527
0.878 26.2 29,51 17.90 0.304 1.451 44.7 47.21 34.90 0.536
0.899 26.8 30.11 18.40 0.312 1.471 45.4 47.81 35.50 0.545
0.916 27.4 30.71 19.00 0.319 1.496 46.1 48.41 36.20 0.555
0.937 28.0 31.43 19.50 0.328 1.517 46.9 49.02 36.90 0.563
0.958 28.6 32.03 20.10 0.335 1.537 47.6 49.62 37.60 0.572
0.975 29.2 32.64 20.60 0.343 1.558 48.3 50.34 38.30 0.581
0.996 29.8 33.24 21.20 0.351 1.582 49.1 50.94 39.00 0.590
1.017 30.4 33.96 21.70 0.359 1.603 49.8 51.54 39.70 0.598
1.038 31.1 34.56 22.30 0.367 1.624 50.6 52.15 40.40 0.607
1.055 31.7 35.17 22.90 0.375 1.645 51.3 52.87 41.10 0.616
1.076 32.4 35.77 23.50 0.383 1.871 59.1 59.13 48.40 0.707
1.097 33.0 36.49 24.10 0.392 2.096 67.2 65.39 56.00 0.800
1.117 33.7 37.09 24.70 0.401 2.329 75.7 71.78 64.10 0.896
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If any four of the six quantities P, q, d D,, d and L ¢ are specified, there is only one solution to
the problem. If only three are specified there is no unique solution, and in such cases a
satisfactory spring can be achieved by taking a value of ¢ in the middle of the range.

EXAMPLES
(1) A spring is required to carry a load of 1000N, with a deflection of 460mm, the outside

diameter is limited to 50mm, and the effective solid length, omitting end coils, to 405mm.
Find the wire diameter and the maximum stress, assuming a deflection to closure of 460/0.85

» 540mm (see 1.2.4).

Since Do, L¢'and S (i.e. %) are known, the function C; must be used.

C, = 2o =, 29%50 _; 59 and from Table I, ¢ = 7.33.
L'S  \405x2.2

:ﬂ_6mm and n:L_C:@:67_5
8.33 d 6

Hence the wire diameter d= D,
(c+1)

L, =(67.5+2)x6=417mm

Now to find g use the function C, =D, \/g:39.21(from Table I). Hence

_39.21x39.21x1000
50x50

615X 540 722 N/mm?
460

=615 N/mm? and the calculated maximum stress at closure is

(2) Design a spring to give a maximum working load of 4450 N with a stress of 1070 N/mm?

and a deflection of 508mm. The outside diameter is to be 94mm.

maximum workingload _ 4450
maximum working deflection 508

=8.76 N/mm.

Spring rate S=

Since P, g and D, are given, the function C, will solve the problem.

C,=D \/7 94 x 1/11404750 =46.09 and from Table I, c = 8.29 Hence

=——=10.12mm D=cd=83.9mm.
(c+1) 929

To find the number of working coils, use the function Cs.

When ¢ = 8.29, C; = 0.0484 (from Table 1), i.e. LL = (0.0484)>.
q

C
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L' : ,
Hence L '=202.7mm and n=—°:E:20(apprOX|mately).
d 10.12

8PD K = 8x4450x83.9 8.49

= — X =1068N/mm’*
pd° px(10.12)° " 7.29

Check g=

4P _8PnD’ _8x4450x20x (83.9)

——=505mm
S Gd 79300x (10.12)

(3) Design a spring for a rate of 7 N/mm and effective solid length, omitting end coils, of
127mm. The maximum load is 445N and the corresponding stress 331 N/mm?.

Since q, L¢' and d(i.e. g) are known, the function C3 must be used.

C,= d _ | 636 =0.039 and from Table I, ¢ = 6.8.
L.'qg |127x331

Now, since c, P and g are known, D, can be found from C.,.

C, =D, \/g:35.7(fromTabIeI),i.e.DD :35.7\/§:41.4mm
q

Then d= D, = —/-=5.3mm
+ 7.8

n= % =24 (approximately)

D =cd = 36.04mm.

8PD,, 8x445x36.04 y 7.0 _ 331N/ mm?

pd px(5.3) 58

Check g =

_ Gd* _ 79300x5.3"

S= = =6.96 N/ mm
8nD* 8x24x(36.04)°

2.4 Nested springs in parallel

Nested springs may be required if there is insufficient space to house a single spring without
exceeding the maximum permissible stress. The design of nested springs is treated here as
a modification of the single spring which satisfies the required conditions of loading, but not
of space or stress. The nest, of two or three springs, will give a higher volumetric efficiency,
which may be used in one of three ways to obtain (a) a smaller outside diameter, (b) a
shorter length or (c) a lower stress. Tables lll, IV and V enable a nest of springs to be
derived from the equivalent single spring according to whether the requirement is (a), (b) or

(©).

10
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Clearance between the coils is provided by a factor X, illustrated in Figure 3. Clearance
between the nest and the housing requires a separate allowance. Recommended values of
the clearance factor x are given in Table II.

Each spring in a nest should have the same effective solid length and the same deflection for
any given stress. It follows from equation (3) of 2.1 that each spring must have the same
index c. Then if D, of the outer spring and ¢ are known, the coil and wire diameters can be
written down from Figure 3.

EXAMPLES

The following three examples give the design of nests of spring to replace the single spring
with

Do =122mm, d =20.3mm, D =102mm, c=5.0,n=8, L' =nxd =162.4mm.
Lc =(n+1)d =182.7mm, P = 17393N, d=86.4mm, S = 201.4 N/mm,
K = 1.3, g = 696 N/mm?, so that P, d and S are retained but either D, or L' or g are reduced.

Figure 3
Nest of Three Springs Showing Clearance

QO

o
p .St 5 .
: O Cc+1 z o
c—-f w
I~ Dy *eiix 4
Dy +(S5) | I
0 °\c¥i P
e S -
Q \C+i w
=
-
(1)
[+'4
-
z
w
[ 9]

Table Il Recommended Values of Clearance Factor x

Outside Clearance Inside Value of x

diameter mm diameter

of inner of outer

spring mm spring mm

19 1.5 20.5 0.92
25 2 27 0.93
50 3.3 53.3 0.94
76 4.1 80.1 0.95
102 4.6 106.4 0.96
127 5.3 132.3 0.96
152 5.8 157.8 0.96
178 6.4 184.4 0.97

11
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EXAMPLE 1

L' and q to be retained. Find the outside coil diameter of the nest consisting of 3 springs.

Equation (3) of 2.1 shows that q remains unchanged only if c = 5.0 and, therefore, K are
retained.

As the inside coil diameter of the single spring is D; = D — d = 82mm, the clearance factor as
recommended in Table Il is x = 0.95.

From Table I, for N, = 3, x =0.95 and ¢ = 5.0, the ratio D, (nest) / D, (single spring) = 0.8 is
found by interpolation. Therefore, D, (nest) = 0.8 x 122 = 97.6mm. The outside diameters of
the other two springs are obtained by means of the terms as given in Figure 3, namely

2

C- 1 -%095=0633and 1 x*=0.401
c+1 6 c+1
Outer Middle Inner
Do mm 97.6 61.72 39.12
D, 16.25 10.29 6.53
d= mm
c+1
D=Dyo—d mm 81.28 51.43 32.59
Di=D-d mm 65 41.15 26.06
= L.' 6.4 10 15.8 24.9
d d
Le=Ls+d mm 178.87 172.85 169.55
S N/mm 128.9 51.66 20.8 Sum of S =201.4 N/mm

Reduction of outside diameter Do:

1. 976 100=(1- 0.81) 100=20%
122

It will be noticed that the total length at closure L. is somewhat shorter than that of the single
spring.

This nest is impracticable because the inner spring is laterally unstable. (See Data Sheet
No. 2) The way out is to try to design a nest with only two, but stable, springs. In this case,
from Table Ill for N =2, x =0.95 and ¢ = 5.0, D, = 0.844 x 122 = 103mm.

Outer Inner
Do mm 103 65.07
d mm 17.1 10.87
D mm 85.72 54.2
Di mm 68.58 43.3
n 9.48 14.96
L. mm 179.7 173.4
S N/mm 143.6 57.8 Sum of S =201.4 N/mm

12
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. o . 103 : N
Reduction of outside diameter D,:  1- 122 100=(1- 0.844) 100=15.6%. The inner spring is
stable.
EXAMPLE 2

D, and g to be retained. Find L.' and L. of the nest consisting of 3 springs.

From Table V for N, = 3, x =0.95, and ¢ = 5, c(nhest) = 6.2.

C-1,-52095-0686and % x'=0471.k=2%02-54_1 53
c+1 7.2 c+1 c-1 5.2

GdK _79300x86.4x1.23
pc’g px38.5x696

From equation (3) of 2.1: L '= =100mm.

Table Il To Reduce Outside Diameters

Outside diameters of nests of two and three springs with clearance factors of 0.98, 0.94 and
0.90. The diameters are stated as fractions of the outside diameter of the single spring
designed for the same load, stress, deflection, and effective solid length.

o N, =2 ‘ N, =3 o N, =2 ‘ N, =3
S Clearance fa ctors P Clearance factors
© ©

£ 0.98 0.94 0.90 0.98 0.94 0.90 £ 0.98 0.94 0.90 0.98 0.94 0.90

2.0 | 0.951 | 0.954 | 0.958 | 0.944 | 0.950 | 0.955 | 6.5 | 0.812 | 0.824 | 0.835 | 0.749 | 0.767 | 0.785
3.0 | 0.898 | 0.905 | 0.912 | 0.878 | 0.888 | 0.897 | 6.6 | 0.811 | 0.822 | 0.833 | 0.747 | 0.765 | 0.783
40 | 0.862 | 0.871 | 0.880 | 0.826 | 0.839 | 0.852 | 6.7 | 0.810 | 0.821 | 0.832 | 0.745 | 0.763 | 0.781
4.1 | 0.859 | 0.869 | 0.877 | 0.822 | 0.836 | 0.849 | 6.8 | 0.808 | 0.820 | 0.831 | 0.743 | 0.761 | 0.779
4.2 | 0.856 | 0.866 | 0.875 | 0.818 | 0.832 | 0.845 | 6.9 | 0.807 | 0.819 | 0.830 | 0.741 | 0.759 | 0.777
43 | 0.853 | 0.863 | 0.872 | 0.814 | 0.828 | 0.841 | 7.0 | 0.806 | 0.817 | 0.829 | 0.739 | 0.757 | 0.775
44 | 0.851 | 0.861 | 0.870 | 0.810 | 0.824 | 0.838 | 7.1 | 0.805 | 0.816 | 0.828 | 0.737 | 0.756 | 0.774
4.5 | 0.848 | 0.858 | 0.868 | 0.806 | 0.821 | 0.835 | 7.2 | 0.804 | 0.815 | 0.827 | 0.735 | 0.754 | 0.772
46 | 0.846 | 0.856 | 0.865 | 0.802 | 0.817 | 0.832 | 7.3 | 0.802 | 0.814 | 0.826 | 0.734 | 0.752 | 0.770
4.7 | 0.844 | 0.854 | 0.863 | 0.798 | 0.814 | 0.829 | 7.4 | 0.801 | 0.813 | 0.825 | 0.732 | 0.751 | 0.769
48 | 0.842 | 0.852 | 0.861 | 0.796 | 0.810 | 0.825 | 7.5 | 0.800 | 0.812 | 0.824 | 0.730 | 0.749 | 0.768
49 | 0.840 | 0.850 | 0.859 | 0.792 | 0.807 | 0.822 | 7.6 | 0.799 | 0.811 | 0.823 | 0.728 | 0.747 | 0.766
5.0 | 0.837 | 0.847 | 0.858 | 0.788 | 0.804 | 0.819 | 7.7 | 0.798 | 0.810 | 0.822 | 0.726 | 0.746 | 0.765
5.1 | 0.835 | 0.845 | 0.856 | 0.785 | 0.801 | 0.816 | 7.8 | 0.797 | 0.809 | 0.821 | 0.725 | 0.744 | 0.763
5.2 | 0.833 | 0.843 | 0.854 | 0.782 | 0.798 | 0.814 | 7.9 | 0.796 | 0.808 | 0.820 | 0.723 | 0.742 | 0.762
53 | 0.831 | 0.841 | 0.853 | 0.779 | 0.795 | 0.811 | 8.0 | 0.795 | 0.807 | 0.819 | 0.722 | 0.741 | 0.761
54 | 0.829 | 0.840 | 0.851 | 0.776 | 0.792 | 0.808 | 8.1 | 0.795 | 0.806 | 0.818 | 0.721 | 0.740 | 0.759
55 | 0.828 | 0.838 | 0.849 | 0.773 | 0.790 | 0.806 | 8.2 | 0.794 | 0.805 | 0.818 | 0.719 | 0.738 | 0.758
5.6 | 0.826 | 0.837 | 0.848 | 0.770 | 0.787 | 0.804 | 8.3 | 0.793 | 0.804 | 0.817 | 0.718 | 0.737 | 0.757
5.7 |1 0.824 | 0.835 | 0.846 | 0.768 | 0.785 | 0.801 | 8.4 | 0.792 | 0.804 | 0.816 | 0.716 | 0.736 | 0.755
5.8 | 0.822 | 0.834 | 0.844 | 0.765 | 0.782 | 0.799 | 8.5 | 0.791 | 0.803 | 0.815 | 0.715 | 0.735 | 0.754
59 | 0.820 | 0.832 | 0.843 | 0.763 | 0.780 | 0.797 | 8.6 | 0.790 | 0.802 | 0.814 | 0.714 | 0.734 | 0.753
6.0 | 0.819 | 0.830 | 0.841 | 0.760 | 0.777 | 0.795 | 8.7 | 0.789 | 0.801 | 0.814 | 0.712 | 0.733 | 0.752
6.1 | 0.817 | 0.829 | 0.840 | 0.758 | 0.775 | 0.793 | 8.8 | 0.789 | 0.801 | 0.813 | 0.711 | 0.732 | 0.751
6.2 | 0.816 | 0.827 | 0.838 | 0.756 | 0.773 | 0.791 | 8.9 | 0.788 | 0.800 | 0.812 | 0.710 | 0.730 | 0.749
6.3 | 0.815 | 0.826 | 0.837 | 0.753 | 0.771 | 0.789 | 9.0 | 0.787 | 0.799 | 0.811 | 0.708 | 0.827 | 0.748
6.4 | 0.814 | 0.825 | 0.836 | 0.751 | 0.769 | 0.787 | 10.0 | 0.780 | 0.793 | 0.805 | 0.698 | 0.718 | 0.738
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Outer Middle Inner
D, mm 122 83.57 57.4
d mm 16.9 11.6 7.97
D mm 105 72 49.4
Di mm 88 60.3 41.4
n= 3.91 5.87 8.56 12.45
d
L mm 116 111 107
S N/mm 119.8 56.2 26.4 Sum of S =201.4 N/mm

116

Reduction of Le: 1- 2= 100 =(1- 0.635) 100=36.5%. The inner spring is stable. With

two springs, the reduction of L. would be 27.8%.
EXAMPLE 3

D, and L' to be retained. Find q if the nest consists of 3 springs. From Table IV for N, = 3, x
=0.95, and c = 5.0, c(nest) = 5.543.

c-1,-4543, 95-0.660 .
c+1l 6.543
e 20435 K=2743 21 264, clnest) =30.7
c+1 4.543
Outer Middle Inner
Do mm 122 80.4 52.9
d mm 18.6 12.3 8.08
D mm 103 681 44.8
Di mm 84.6 55.8 36.75
164 8.72 13.22 20.1
d
L mm 181 175 171
S N/mm 124.5 54.1 23.1 Sum of S =201.7 N/mm
From equation (3) of 2.1: q= 79300x86.4x1.264 =553N/mm?.

px30.7x162.4

Reduction of stress: 1- % 100=20.6%.

The inner spring is stable but so near the borderline between stability and instability that the
design with three springs in the nest cannot be recommended.

With two springs, the stress would be 586 N/mm? and the stress reduction 16%.

The results of the three examples are compiled in the table on the next page where R, and
R3 denote the reductions attained with nests with two and three springs, respectively.

14
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Ex.1 | Ex.2 | Ex.3
Reductions R , and R of

Nn Do L' q

% % %
3 20.0 36.5 20.8
2 15.6 27.8 16.0
R,/ R3 0.78 0.76 0.77

The table shows that the reductions obtained with two-spring nests are only less in the ratio
0.76, at most. On the other hand they are cheaper to manufacture. These facts suggest that
three-spring nests should only be used when absolutely necessary.

Figure 3 and Tables II-V are also applicable to nests of springs made from square section
material. In this the equations (5), (5a) and (6) in section 3 have to be used instead of (1),
(2) and (3).

Table IV To Reduce Stress

Values of the index c for nests of two and three springs with clearance factors of 0.98, 0.94
and 0.90. The values of the index are tabulated against the index of the single spring, which
has the same outside diameter, load, deflection, and effective solid length. The stress in
each spring of a nest designed from this table will be lower than the stress in the
corresponding single spring.

N, =2 N, = 3 N, =2 N, =3

(@) (@)
£ Clearance factors £ Clearance factors
o o
wn wn

Index of Single
Index of single

0.98 | 0.94 | 0.90 0.98 0.94 | 0.90 098 | 094 | 090 | 098 | 0.94 | 0.90

2.05 | 2.04 2.04 2.06 2.05 2.04 6.5 7.13 7.08 7.04 7.42 7.34 7.26
3.16 | 3.15 3.13 3.20 3.18 3.16 6.6 7.24 7.20 7.15 7.54 7.46 7.38
4.28 | 4.26 4.24 | 4.38 434 | 431 6.7 7.36 7.31 7.27 7.66 7.57 7.49
440 | 4.37 4.35 4.50 4.46 4.43 6.8 7.47 7.42 7.38 7.78 7.69 7.61
451 | 4.48 4.46 4.62 4.58 4.55 6.9 7.58 7.53 7.49 7.90 7.81 7.73
4.62 | 4.59 4.57 4.74 | 4.70 4.66 7.0 7.69 7.64 7.60 8.03 7.93 7.84
474 | 471 4.69 4.86 4.82 4.78 7.1 7.81 7.76 7.71 8.15 8.05 7.96
485 | 4.83 4.80 4.98 494 | 4.90 7.2 7.92 7.87 7.82 8.27 8.17 8.08
497 | 494 | 4091 5.10 5.06 5.02 7.3 8.04 7.99 7.93 8.39 8.29 8.20
5.08 | 5.05 5.02 5.28 5.18 5.13 7.4 8.15 8.10 8.04 8.52 8.41 8.32
519 | 5.17 5.14 5.34 5.30 5.25 7.5 8.27 8.22 8.16 8.65 8.54 8.44
531 | 5.28 5.25 5.46 5.42 5.37 7.6 8.38 8.34 8.28 8.77 8.66 8.56
542 | 5.39 5.36 5.58 5.53 5.48 7.7 8.49 8.45 8.39 8.89 8.78 8.68
5,63 | 5.50 5.47 5.70 5.65 5.60 7.8 8.61 8.56 8.50 9.01 8.90 8.79
564 | 5.61 5.58 5.82 5.77 5.71 7.9 8.72 8.67 8.61 9.13 9.02 8.91
575 | 5.72 5.69 5.95 5.89 5.83 8.0 8.84 8.78 8.72 9.25 9.14 9.03
5.87 | 5.83 5.80 6.07 6.01 5.95 8.1 8.95 8.89 8.84 9.38 9.26 9.15
598 | 5.95 5.91 6.19 6.13 6.07 8.2 9.06 9.00 8.95 9.50 9.38 9.27
6.10 | 6.06 6.03 6.32 6.25 6.19 8.3 9.18 9.12 9.06 9.62 9.50 9.39
6.22 | 6.18 6.15 6.45 6.38 6.31 8.4 9.29 9.23 9.17 9.75 9.63 9.51
6.33 | 6.30 6.26 6.57 6.50 6.43 8.5 9.41 9.34 9.28 9.87 9.75 9.63
6.44 | 6.41 6.37 6.69 6.62 6.54 8.6 9.52 9.45 9.39 9.99 9.87 9.75
6.56 | 6.52 6.48 6.81 6.74 6.66 8.7 9.64 9.57 9.51 | 10.11 | 9.99 9.87

ook A AMDMDDDDRMON
NPV NOURWNROOO

oooaaaonao
SCLwo~NOURW

6.1 | 6.67 | 6.63 6.60 6.93 6.86 6.78 8.8 9.75 9.68 9.62 | 10.23 | 10.11 | 9.99
6.2 | 6.78 | 6.74 6.71 7.05 6.98 6.90 8.9 9.87 9.80 9.73 | 10.36 | 10.23 | 10.10
6.3 | 6.90 | 6.86 6.82 7.17 7.10 7.02 9.0 9.98 9.91 9.84 | 10.48 | 10.35 | 10.22
64 | 7.02 | 6.97 6.93 7.30 7.22 7.14 | 100 | 11.12 | 11.04 | 10.98 | 11.71 | 11.56 | 11.42
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Table V To Reduce Length

Values of the index c for nests of two and three springs with clearance factors of 0.98, 0.94
and 0.90. The values of the index are tabulated against the index of the single spring, which
has the same outside diameter, load, deflection, and stress. The length of each spring of a
nest designed from this table will be less than that of the corresponding single spring.

% N, =2 N,=3 £ N, =2 N, =3

= 2

n 2 » 2

“ = Clearance factors “— = Clearance factors

o g © g

X 0 X 0

§ 0.98 | 0.94 0.90 0.98 0.94 0.90 § 0.98 0.94 0.90 0.98 0.94 0.90
20 | 2.18 | 2.16 2.14 2.23 2.20 2.17 6.5 7.77 7.67 7.57 8.42 8.23 8.05
3.0 | 3.40 | 3.37 3.34 3.52 3.47 3.42 6.6 7.89 7.79 7.69 8.56 8.27 8.18
40 | 464 | 459 4.54 4,90 481 472 6.7 8.01 7.91 7.81 8.71 8.50 8.32
41 | 476 | 4.71 4.66 5.04 4.94 4.85 6.8 8.14 8.03 7.94 8.85 8.64 8.45
42 | 488 | 4.83 4,78 5.18 5.08 4,99 6.9 8.26 8.16 8.06 8.99 8.77 8.59
43 | 5.01 | 4.95 4.90 5.32 5.22 5.12 7.0 8.38 8.28 8.18 9.13 8.91 8.72
44 | 513 | 5.08 5.02 5.46 5.35 5.25 7.1 8.51 8.40 8.30 9.27 9.05 8.85
45 | 5.26 | 5.20 5.14 5.60 5.48 5.38 7.2 8.63 8.52 8.43 9.42 9.19 8.99
46 | 538 | 532 5.26 5.74 5.62 5.51 7.3 8.76 8.65 8.55 9.56 9.33 9.12
47 | 550 | 5.44 5.38 5.88 5.76 5.65 7.4 8.88 8.77 8.67 9.70 9.47 9.26
48 | 563 | 557 5.51 6.02 5.90 5.79 7.5 9.00 8.89 8.79 9.84 9.61 9.39
49 | 576 | 5.69 5.63 6.16 6.04 5.92 7.6 9.12 9.01 8.91 9.98 9.75 9.53
5.0 | 5.88 | 5.81 5.75 6.30 6.17 6.04 7.7 9.25 9.14 9.03 | 10.12 | 9.89 9.66
51 | 6.00 | 5.94 5.87 6.44 6.30 6.18 7.8 9.37 9.26 9.15 | 10.27 | 10.03 | 9.80
5.2 | 6.13 | 6.06 5.99 6.59 6.44 6.31 7.9 9.50 9.38 9.27 | 10.41 | 10.16 | 9.93
53 | 6.25 | 6.18 6.11 6.73 6.58 6.44 8.0 9.63 9.51 9.39 | 10.55 | 10.30 | 10.07
54 | 6.38 | 6.31 6.24 6.87 6.72 6.58 8.1 9.75 9.63 9.51 | 10.69 | 10.44 | 10.20
55 | 6.50 | 6.43 6.36 7.01 6.86 6.71 8.2 9.88 9.75 9.64 | 10.83 | 10.58 | 10.34
56 | 6.63 | 6.55 6.48 7.15 7.00 6.85 8.3 | 10.00 | 9.88 9.76 | 10.97 | 10.72 | 10.47
57 | 6.75 | 6.68 6.60 7.29 7.13 6.98 8.4 | 10.13 | 10.00 | 9.88 | 11.12 | 10.86 | 10.61
58 | 6.88 | 6.80 6.72 7.43 7.27 7.11 8.5 | 10.25 | 10.12 | 10.00 | 11.26 | 10.99 | 10.74
59 | 7.01 | 6.92 6.84 7.57 7.40 7.25 8.6 | 10.38 | 10.25 | 10.13 | 11.40 | 11.13 | 10.88
6.0 | 7.13 | 7.04 6.96 7.72 7.54 7.38 8.7 | 10.50 | 10.37 | 10.25 | 11.54 | 11.27 | 11.01
6.1 | 7.26 | 7.17 7.08 7.86 7.68 7.52 8.8 | 10.63 | 10.50 | 10.37 | 11.68 | 11.41 | 11.15
6.2 | 7.38 | 7.30 7.20 8.00 7.82 7.65 8.9 | 10.75 | 10.62 | 10.49 | 11.82 | 11.55 | 11.28
6.3 | 7.51 | 7.42 7.33 8.14 7.96 7.78 9.0 | 10.88 | 10.74 | 10.61 | 11.97 | 11.68 | 11.41
6.4 | 7.64 | 7.54 7.45 8.28 8.10 7.92 | 10.0 | 12.14 | 11.98 | 11.83 | 13.40 | 13.06 | 12.76

2.5 Nested springs in series (telescopic springs)

This arrangement, which is shown in Figure 4, has a useful application where the deflection
is large and solid length must be kept small. For a housing of given dimensions it will give
lower stress and greater resistance to buckling than a single spring of either rectangular or
circular section. Moreover, the outer spring will have a lower index, and the inner a much
lower index, than the corresponding spring of circular section; this may be a deciding factor if
the helix angle of the single spring is excessive (see section 1.2).

The proportions in which the total working deflection d,, is split up into the deflection d; and d,
of the outer and inner springs will depend on space required to accommodate the tube which
transmits the load from the inner to the outer spring.
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d d
= _t=_ e (4)
3L, 7L,+3L,

1 2

1

An approximate estimate can be made by using the formula L

Thus for example if L, = %L1, the proportion of the total deflection which is due to the outer

spring will be d, = L, :14L2 =0.824
d, 7L +3L, 17L

2

EXAMPLE

A telescopic spring is required for a balancing gear to fulfil the following requirements: load

range = 6895 N to 12121 N, corresponding working deflection 4y, = 317.5mm, maximum

working stress q = 827 N/mm?, stress to closure limited to 965 N/mm? outside diameter of

nest not to exceed 142mm inner spring to be half length of outer in initial loaded position.
Figure 4

Nested Springs in Series (telescopic springs)
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(c) Final Load Position




@
=

PRING TECHNOLOGY

Outer Spring
d, -14 =0.824.
d, 17

d. =0.824d_ =0.824x317.5=261.6mm.

Rate = 21216895 _ 19 9gN/mm

261.6

\ Total deflection d —lel = 606.6mm.
19.98

Initial deflection d @ = 34.51Imm.

C,=D \/7 1421/ 827 x 37.09whence ¢ = 7.04, C3=0.04
12121

0.04x = d__ | 6066 \ L '=458mm.
L.'q L 'x827

Deflection to closure d_ = 606.6 X %—708

Free length Ly’ = 708 + 458 = 1166. Length at initial load L' = L' -

821mm.
:&:ﬁ =17.66mm
c+1l 8.04
D =b, S 121425 %% _106.7mm.
" c+1 8.04
_L 458 _ oo 93,
d 17.66

L, =L, '+2d=1166+35.32»1200mm.
Inner Spring
dz = dy - dy =317.5- 261.6 = 55.9mm.

Rate = 22+21- 6895 _oq i /mm.
55.9

18
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Length at initial load L, =%L, :%1:410.5mm.

Initial deflection d, _68%5 _ 73.74mm.
93.5
Deflectionto closure = lelxﬁzlslﬁmm.
93.5 827

\ L, '=410.5+73.74- 151.3=332.9mm.

C, = [>T 40217 c=4.00 ¢, =19.34.
332.9x827

D, =19.34 12121 =74.04mm
° 827

goD. 7404, 3329
c+1 5.09 14.55

=22.8

19
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3.1 Notation and basic formulae

P = axial load applied to spring
q = shear stress due to P
a = deflection due to P
S = % = rate or stiffness of spring
G = modulus of rigidity taken as 79 300 N/mm? for carbon, low alloy and
martensitic stainless steels.
D = mean diameter of coil
D o
c = " = spring index
b = radial width of section
h = axial thickness of section
b : .
m = H = shape ratio of cross section
n = number of working coils
L =nh = m effective solid length, omitting end coils
mc
/, = function of c and m which occurs in the formula for stress
n = function of ¢ and m which occurs in the formula for rate
Fi1, F2, F3, F4 = functions of c and m as defined in section 3.3

Basic formulae

The basic formulae are derived from complicated mathematical series, and cannot be
expressed in such simple forms as those for circular section springs. The following
expressions for stress and rate are based on the parameters /; and m, which are given in
Tables VI and VII.

a=(c+1)(m+1)/, o 5)

P_nb*h* 10* _ mh _ 10°
=—= X = X

S = 6
d nD® 145 mnc® 1.45 ©)
/
q=(c+1)(m+1) 21”3 xilxlo6 (5a)
m-c L

C

With formula (5), which gives the maximum stress corrected for curvature, the permissible
stresses are higher than for circular sections of the same material owing to the greater
degree of prestressing possible with rectangular section material.

Note. The units used throughout are Newtons and millimetres.

3.2 Application of basic formulae: stress analysis

The basic formulae (5) and (6) enable the stress and deflection for a given load to be
calculated from the spring dimensions, and they should always be used as a final check on
the values obtained from the design charts.

20
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The formula for rate, equation (6), includes the numerical value of G, taken as 79 300 N/mm?
and the values of /mgiven in Table VII are dependent on this value of G. If it should be
necessary for any reason to adjust the value of G, or to apply the rate formula to a material
other than steel, the value of mmust be altered proportionately, e.g. for G = 39 650 N/mm?
the value of mshould be halved.

EXAMPLES

(1) The dimensions of a spring of rectangular section are D, = 158.75mm, D; = 95.25mm, h =
12.7mm, number of working coils n = 16. Find the rate and the stress under a load of
17793N.

:(D" ')—31.75mm
_9_3'1&_2.50
h 127
(D,-D,) 254

Then from Table VI /1 = 1.23, and from Table VII m= 1.57.
P
Hence q=(c+1)(m+1)/, oh

_5.00x3.50x1.23x17793
31.75x12.7

=952N/mm?.

nmh _10* _ 1.57x12.7 _10°

X = X =53.76 N/ mm.
mnc® 1.45 25x16x64 1.45

andS=

(2) The spring in example (1) above is required to be modified to give a rate of 49 N/mm,
without altering the cross section of the bar and without increasing the solid length. A slight
increase in stress is permissible.

In order to achieve this c will have to be increased, and a first approximation is

c =4.O31/@ =4.12
49

The outside diameter must therefore be increased to (c + 1)b =5.12 x 31.75 = 162.6mm,
which with the original values of b, h and n give a stress of 972 N/mm? and a rate of 48.86
N/mm.
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Table VI Values of //4

Stressq:(c+1)(m+1)/1i

bh

30 | 32 | 34 | 36 | 38 | 40 | 42 | 44 | 46 | 48 | 50 | 6.0 | 100 | ¥ c
m m
00 [161 160 | 159|158 | 157|156 | 156|155 |155|154 154|153 | 151|150 | 0.0
01 [ 153|152 151|151 |150|150| 150|149 |149 |148 148|147 | 145|145 0.1
0.2 [ 150|149 | 148 | 148 | 147 | 146 | 146 | 145 | 145 | 145 | 145 | 1.44 | 142 | 143 | 0.2
03 [ 148 | 147 | 146 | 1.46 | 1.45 | 144 | 144 | 143 | 143 | 143 | 143 | 141|140 | 141 | 03
04 | 147 | 146 | 145 | 144 | 143 | 142 | 142 | 141 | 141 | 141|141 139|138 |139| 04
05 [ 145|144 | 143 | 142|141 |141|140|139 (139|139 139|137 |136|135| 05
06 142|141 |140|139|138|138|138|137 (137|136 |136| 134|133 |132| 0.6
07 {140 (139|138 |137|136|135|135|134 134|133 |133|131|130]|129]| 0.7
08 (138|137 |136|135|134|133|133|132|132|131 (131|129 |127|126| 0.8
09 {136 (135|134 |133|132|131|131|130|130 129|129 |127|125|123| 09
10 | 134 |133|132|131 (130|129 129|128 | 128 | 127|127 |125|123|120| 1.0
11 | 133|132|131|130 (129|128 |128 | 127|126 |126|125|123 121|122 | 11
12 | 132|131|130|129 128 127|127 |126|125| 125|124 |122 120|125 | 12
13 | 131|130|2129|128 127|126 |126|125|124|124 123|121 119|127 | 13
14 | 131|130|128|127 126|125 |125|124|123|123|122|120 118|128 | 14
15 | 130|129 |127 |126 125|125 |124|123|122|122|121|119 117|130 | 15
16 | 130|129 | 127 | 125|124 |124|124|123|122|122|121|119 118|132 | 16
17 | 130|129 | 127|125 (124|124 |123|122|121|121|120|119 119|133 | 1.7
18 | 130|129 |127 |125 (124|124 |123|122|121|121 120|118 120|134 | 1.8
19 | 129|128 | 127|125 (124|124 |123|122|121|121|120|118 122|135 | 19
20 | 129|128 | 127 | 125|124 |124 122 (122|121 120|119 | 118 | 124|136 | 2.0
21 | 129|128 | 127 | 125|124 |124 122 (122|121 120|119 | 119|125 |136| 2.1
22 | 129|128 | 127 | 125|124 |124 122 (122|121 120|120 | 120|126 | 137 | 2.2
23 | 130|128 | 127 | 125|124 |124 |122 (122|121 |120|120| 121|127 |138| 23
24 | 130|128 | 127 | 125|124 |124 122 (122|122 121|121 | 122|128 |138| 24
25 | 130 | 129|127 | 125|124 (123|123 (122|122 |121|121|123|128|139| 25
26 | 130|129 | 127|126 |125|123|123 (123|123 |122|122| 124|129 |139 | 26
27 | 131 |129| 127|126 |125|124|123 (123|123 |123|123|125|129|139| 2.7
28 | 131|129 | 127|126 | 125|124 |123 (124|124 |124|124| 126|130 | 140 2.8
29 | 131 |129| 128|127 |125|124 |124 (124|124 |125|125| 127|130 | 140 | 2.9
30 | 131 |130| 128|127 126|125 |124 (125|125 |126| 126|127 | 131|140 3.0
31 | 131130128 |127 126|125 |125 (125|126 | 127|127 | 128|131 |140 | 3.1
32 |131|130| 129|127 127|126 |126 126|127 | 127|128 | 128|132 | 141 | 3.2
33 | 131|130 129|128 |127|127 |127 (127|128 128|129 | 129|133 |141 | 33
34 | 131 |131|129|128 128|128 |128 128|128 | 128|129 | 130|133 | 141 34
35 |133|131|129|128 128|129 |129 (129|129 |129|130| 130|134 |141 | 35
36 |133|131|130|129 129|129 |129 (129|129 |130|130| 131|134 |141 | 36
37 |134|132|130|129|129|130|130 (130|130 131|131 |132|135|142 | 3.7
38 [134|132|131|130(130|131|131 (131|131 |132|132|133|135|142 | 3.8
39 |134|132|131|131|131|132|132(132|132|132|132|133|136|142 | 3.9
40 (134 (132|132 |132|132|132|132|133|133|133 (133|134 | 136|142 | 40
41 (135133133 |133|133|133|133|133|133|133 (133|134 |137|142| 41
42 (135|134 |134|133|133|133|134|134 134|134 (134|135 | 137|142 | 4.2
43 [ 135|135 135|134 |134|134|134|135|135|135|135|135| 138|142 | 43
44 1136|135 |13 |135|135|135|135|135|135|135|135| 136|138 | 143 | 44
45 (137|136 |136 | 136|136 | 136|136 | 136|136 |136 136|136 | 1.39| 143 | 45
46 [137 136|136 | 137|136 |136| 136|136 |136|136 136|137 | 139|143 | 4.6
47 (138 (137|137 | 137|137 | 137|137 | 137|137 | 137|137 | 137 | 139 | 143 | 4.7
48 (139|138 138|138 | 137|137 | 137|137 |137|137 (137|137 |139| 143 | 438
49 1139138138 138|138 |138|138|138|138|138 138|138 | 139|143 | 49
50 | 140)139]139(139|138 138|138 138|138 | 138|138 | 138|139 143 | 5.0
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3.3 Alternative design

The design of rectangular section springs can be readily completed by using one or more of
the following four functions of the spring index and shape ratio

F =4 . : F2:D°\/§; F, = dl Xlo F4:Di\/§
L 'Sx145 P L'q 145 P

which correspond to the functions C;, C,, Cs, etc., used in the design of springs of circular
section. Since these functions involve two variables, ¢ and m, it is more convenient to show
them on the design charts, Figures 5 to 8, than in the tabular form used for C,, C,, C3 etc., as
in Table I. The functions are plotted in terms of ¢ and mc rather than in terms of c and m, to
enable greater accuracy to be obtained from a chart of given size. The charts as plotted
show that variation in spring performance depends much more on variation of mc than on
variation of ¢, hence the procedure is generally to select a value of ¢ and then to work out the
appropriate value of m. The design charts are so arranged that the best possible volumetric
efficiency is obtained by selecting values of ¢ and mc as near as possible to the centre of the
charts. Thus, if there are no limitations on overall dimensions, ¢ = 4.5, mc = 12 will give the
most efficient spring. The values selected from the charts should always be checked by the
basic formulae.

Figure 5
D 2
. , _ o
Rectangular Section Springs — Values of F =4—7>——
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VALUES OF ¢

EXAMPLES
(1) Design a rectangular section spring to the following specification:

P = 18 685N, g = 1172 N/mm?, d= 711mm. Here only three quantities are specified, and the
values ¢ = 4.5, mc = 12 should be adopted (see 3.3 above). The corresponding value of F;
is 44.6, so that D, can be found, thus:

23



sl

RO

6\’:"?ING TECHNOLOGY

D.=F, [P =446 ‘/18685 =178mm.
q 1172
178 32.36x4.5

D
The dimensions of the spring are: b:T":— =32.36mm., h
c

=12.135mm.

dlio*  711x10°

—= =237mm.
gF, 1172x4.2? x1.45

To find L¢', use the function F3, i.e. L '

As a check on the design, from Figure 5 F; = 0.435 and

D’ _ 31684

—_ o]

"L 237x0.435"x145

=25.74N/mm.

Table VII Values of mm

P nb*h* 10° nh 10*
RateS=—= X = X
d nD®* 1.45 mnc® 1.45

30 | 32 | 34 3.6 38 | 40 | 42 | 44 | 46 | 48 | 50 | 6.0 | 10.0 | ¥

o

0.0 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.0
0.1 {044 | 044 | 044 | 044 | 044 | 045 |1 045|045 | 045|045 | 045 | 045 | 046 | 046 | 02
0.2 | 082|082 |083| 083 |083|083|084|084|084|084|084|085|085|085/| 0.2
03 (115|115 | 116 | 1.16 |1.16 | 117 | 117|117 | 117|117 | 117|118 118|119 | 03
04 | 141 | 143 | 143 | 144 | 144 | 144 | 144 | 144 | 145|145 | 145|145 146|146 | 04
05 | 165|165 | 166 | 1.66 | 1.66 | 1.66 | 1.66 | 1.66 | 1.67 | 1.67 | 1.67 | 1.67 | 1.67 | 1.68 | 0.5
06 [183 (183|183 | 183 (183|183 183|183 |183|183|183|183 183|184 | 0.6
0.7 | 195|195 |195| 195 195|195 |195|195|195|195|195|195|194 |194 | 0.7
0.8 | 204 | 204|203 | 203 | 203 | 2.03 | 203 | 2.02 | 2.02 | 2.03 | 203 | 2.02 | 201 | 201 | 0.8
09 | 210|209 | 209 | 2.08 | 208 | 2.08 | 2.08 | 2.07 | 2.08 | 2.07 | 2.07 | 2.06 | 2.05 | 2.05 | 0.9
10 | 213|212 | 212 | 211 | 210 | 210 | 2.10 | 2.09 | 2.09 | 2.09 | 2.09 | 2.08 | 2.07 | 2.06 | 1.0
11 | 214|213 | 212 | 212 | 211 | 210 | 210 | 2.09 | 2.09 | 2.09 | 2.08 | 2.07 | 206 | 205 | 1.1
12 | 214|213 | 212 | 211 | 210 | 2.09 | 2.09 | 2.08 | 2.08 | 2.07 | 2.07 | 2.06 | 2.04 | 2.03 | 1.2
13 | 213|211 | 210 | 209 | 2.08 | 2.07 | 2.06 | 2.06 | 2.05 | 2.05 | 2.04 | 2.03 | 201 | 200 | 1.3
14 | 210 | 2.08 | 2.07 | 2.06 | 2.04 | 2.04 | 203 | 202 | 2.02 | 2.01 | 2.01 | 1.99 | 1.97 | 196 | 1.4
15 | 2.07| 205|203 | 202 | 201|200 |199 198|198 197|197 | 195|193 191 15
16 | 203|201 |199| 198 | 197|196 |195 194|194 193|193 |191|188 187 | 1.6
17 1199|197 195|194 | 193|192 |191 |19 (189|189 | 188|186 | 183|182 1.7
18 | 195|193 191|190 [188 188|186 |185|185| 184|184 | 182|179 177 | 1.8
19 | 191|189 |187 | 185 | 184|183 |182 181|180 179|179 | 177|174 172 | 1.9
20 | 187|184 | 182 | 181 | 179|178 | 177 | 176|176 | 175|174 |172|169| 168 | 2.0
21 (182 |180| 178 | 176 | 1.75| 174|173 | 172|171 170|170 | 168 | 165|163 | 2.1
22 178 | 176|174 | 172 | 171|170 | 168|168 | 167 | 166 | 1.66 | 1.63 | 1.60 | 1.58 | 2.2
23 | 174|172 |170| 168 | 1.67 | 1.65| 164 | 1.63 | 1.63 | 1.62 | 1.61 | 1.59 | 1.56 | 1.54 | 2.3
24 | 170|168 | 166 | 1.64 | 163 | 161|160 | 159|159 | 158 157 | 155|152 | 150 | 24
25 | 166 | 164 | 162 | 1.60 | 1.59 | 1.57 | 1.56 | 1.55 | 1.55 | 1.54 | 1.53 | 1.51 | 1.48 | 1.46 | 2.5
26 | 162|160 | 158 | 156 | 155|154 | 153|152 | 151|150 149|147 | 144|142 | 2.6
27 | 159|156 | 154 | 153 | 151|150 | 149|148 | 147 | 146|146 | 144|140 | 139 | 2.7
28 | 155 | 153|151 | 149 | 148 | 146 | 145|144 | 144 | 143|142 |140|137|135]| 2.8
29 | 152|149 | 147 | 146 | 144 | 143 | 142 | 141|140 139|139 | 137|133 |132| 29
30 | 148 | 146|144 | 142 | 141|140 | 139|138 |137 136|136 |133| 130|128 | 3.0
31 | 145|143 | 141 | 139 | 138|138 |135|135|134 133|132 |130|127|125| 31
32 |1421140]138 (1.3 | 135|133 132|131 131130129 |127|124]|122]| 3.2
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30 | 3.2 | 34 3.6 38 | 40 | 42 | 44 | 46 | 48 | 50 | 6.0 | 10.0 | ¥ c
m m

33 |139|137|135| 133 |132|130|129|129|128 127 (126|124 |121|119| 3.3
34 | 136|134 |132| 130 | 129|128 | 127|126 | 125|124 124|122 | 118|117 | 34
35 | 133|131 |129| 127 | 126 | 125|124 |123|122 122|121 |119| 115|114 | 35
36 | 131|128 |126| 125|124 |124|121|121|120 119 119|116 | 113|112 | 3.6
37 | 128 | 126|124 | 122 |122|120|119| 118|117 117|116 | 114|111 | 1.09| 3.7
38 |126|123|122| 120|119 118 | 117|116 | 115|114 114 | 112|109 | 1.07 | 3.8
39 (123 |121|119| 118 | 1.16 | 1.15| 114 | 113 | 113 | 1.12 | 1.12 | 1.10 | 1.07 | 1.05 | 3.9
40 (121 (119|117 | 115 (114|113 112|111 | 111|109 | 109|108 |1.04 | 103 | 4.0
41 ({119 (116 | 115|113 (112|111 110|109 | 108|108 | 107 | 105|102 |1.01 | 41
42 (117 (114|113 | 111 110|109 | 108 | 1.07 | 1.06 | 1.06 | 1.05 | 1.03 | 1.01 | 0.99 | 4.2
43 | 114 (112|111 | 109 |1.08 | 1.07 | 1.06 | 1.05| 1.05| 1.04 | 1.03 | 1.01 | 0.99 | 0.97 | 4.3
44 112 110|109 | 1.07 |1.06 | 1.05 | 1.04 | 1.03 | 1.03 | 1.02 | 1.02 | 1.00 | 0.97 | 0.95 | 4.4
45 | 111|108 | 1.07 | 1.05 | 1.04 | 1.03 | 1.02 | 1.02 | 1.01| 100|100 | 0.98 | 0.95 | 094 | 45
46 |1.09 |1.07|105| 1.04 |1.02 | 1.01 | 1.00| 1.00 | 0.99 | 098 | 0.98 | 0.96 | 0.93 | 0.92 | 4.6
47 | 107 (105|103 | 1.02 |1.01 | 1.00 | 0.99 | 098 | 0.97 | 0.97 | 0.96 | 0.94 | 0.92 | 0.90 | 4.7
48 |1.05 (103|101 | 1.00 | 099 | 098 | 0.97 | 0.96 | 0.96 | 0.95 | 0.95 | 0.93 | 0.90 | 0.89 | 4.8
49 [ 103|101 |1.00| 098 | 097 | 096 | 095|095 |094|094 | 093|091 089|087 | 49
50 | 1.02 |1.00]0.98 | 0.97 | 0.95]0.95|0.94 | 093 | 092 | 0.92 | 0.91 | 0.89 | 0.87 | 0.85 | 5.0

The design should now be checked in the basic formulae and the dimensions adjusted if
necessary.

(2) Design a rectangular spring to the following specification: S = 26.27 N/mm,
Do = 148.6mm, D; = 97.79mm, L' = 355.6mm and find the maximum stress for a deflection of
711mm.

Figure 6
Rectangular Section Springs — Values of F, =D, \/g
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VALUES OF ¢

The specification of D; as well as D, fixes b and c, i.e. b = 25.4, ¢ = 4.85. The design can be
completed by using the function F;, thus
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Eom| Do 148.6 \/1486 =0.357
145xL'S | 145x355.6x26.27 (1163.8
25.4

Hence from Figure 5 assuming ¢ = 4.85, mc = 9.3, givingm =1.92 and h = E =

13.23mm. The stress can be estimated from the function Fz, the value of which read from
the design chart, Figure 7 is 3.39, thus
_diot 711x10°
1.45L 'F° 1.45x355.6x3.39°
using the basic formulae.

=1198N/mm?. The design should now be checked by

(3) Design a rectangular section spring to the following specification: P = 8896N, q = 862,
D; = 68.6mm, and find the effective solid length required for a deflection of 317.5mm.

Since P, g and D; are given, the function F, should be used, thus

F4 :Di\/§:68.6 EZZIB
P \ 8896

Hence from Figure 8 assumingc =4.5, mc =8.6 and m = 1.91.

The dimensions of the spring are: b—l @—19 6mm, h= 19.6 ——=10.26mm.
-1 35 1.91

The effective solid length can now be estimated by using the function F3; thus F3 read from
d _ 317.5x10°

gF,’ 1.45x862x3.12
be checked by using the basic formulae.

=264mm. The design should now

Figure 7 is 3.10 x 10*, giving L '=

Figure 7

Rectangular Section Springs — Values of F; = |——X

VALUES of F3
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Figure 8

Rectangular Section Springs — Values of F, =D, \/g

SECTION 4 METHOD OF SPECIFICATION

If all the dimensions of a spring are known, its performance can be predicted within close
limits. On the other hand, if the performance and housing requirements are fully specified, all
the dimensions of the springs can be calculated. In theory therefore it is unnecessary to give
a specification in terms of both functional requirements and calculated dimensions. In
practice it is advisable to specify a spring in the fullest possible manner, quoting both
functional and dimensional requirements.

In order to avoid the danger of functionally acceptable springs being rejected on inspection
for a slight discrepancy on some unimportant dimension, it is recommended that the
following scheme should be applied when drawing up the specification of a spring. Although
not essential in the case of a simple compression spring, a drawing should be prepared and
all the dimensions and requirements listed on the face of the drawing. Please refer to BS
1726 for methods of design specification and normal economic production tolerances.
Material, special treatments, e.g. shot peening or heat treatment requirements and finish,
should always be specified by reference to the appropriate specifications.

Examinations of the details of the spring specification should reveal the duty and nature of

operation of the spring. However, it is recommended that it be explicitly stated on the
drawing.
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