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12  CONSTANT FORCE SPRINGS

12.1  Introduction

A constant force spring is a roll of pre-stressed 
strip that exerts a nearly constant restraining 
force to resist uncoiling (Figures 15-1 and 15-
2). The force is constant because the change in 
the radius of curvature is constant. This is true 
if the change in coil diameter due to buildup is 
disregarded.

Long extension capabilities, constant torque, 
and virtual absence of intercoil friction have led 
many designers to specify constant force springs 
in such applications as brush springs for motors, 
counterbalance springs for window sashes, 
and carriage return springs for typewriters. 
Constant force motor springs are used to drive 
mechanisms for timers, movie cameras, and 
cable retractors. Associated Spring RAYMOND 
has included many pre-engineered constant 
force extension springs in the SPEC product 
line. These springs are available for immediate 
delivery and are especially useful to designers 
and engineers for prototype applications.

12.2  Extension Type

Constant force extension springs are supplied 
as a coil of strip with a natural radius of curvature 
Rn (Figure 15-3). If such a spring is mounted on 
a drum, the drum diameter should be 10% to 
20% larger than its natural diameter. One and 
one-half wraps should remain on the drum at 
maximum extension. The active portion of the 
material is approximately equal to 1.25 times the 
diameter DD. Consequently, the spring does not 
reach its rated load until the extension is greater 
than 1.25 DD (Figure 15-1). Radius of curvature 
changes from Rn to infinity in the active portion 

and requires a clearance. Recommended 
distance from drum center to the straight section 
is 0.8 times the diameter DD (Figure 15-3). The 
strip becomes unstable at long extensions and 
should be guided to prevent twisting or kinking 
on recoil. Idler pulleys must be larger in diameter 
than the natural diameter and should never be 
used to cause back- bending against the natural 
radius of curvature (Figure 15-4). Idler rolls 
reduce the life of constant force springs. The 
maximum recommended bending stress levels 
based on strip with a No. 1 round edge are 
shown in Figure 15-7. Some typical methods for 
mounting extension type springs are illustrated 
in Figure 15-5.
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The design equations for extension type springs 
are:
(15-1)

(15-2)

(15-3)

—	 D1 = outside coil diameter 

—	 DD = drum diameter

—	 Dn = natural diameter 

—	 N = number of turns

—	 L = 1.56 N (D1 + DD) = f + 5DD

—	 For typical designs, ratio b/t = 100 and ratio DD/
Dn = 1.2.

12.3  Tolerances

Width tolerances are equal to the tolerances 
on the slit strip. Allowance must be made in the 
guides to accommodate edge camber inherent 
in strip. Load tolerances normally are held 
within ± 10%; closer tolerances are available on 
request.

12.4  Motor Type

Constant force spring motors are available in 
two configurations known as A and B motors 
(Figure 15-6). When a constant force spring is 
mounted on output and storage drums, the 
spring will tend to lower its potential energy by 
winding onto the storage drum. Torque can be 
applied or generated from the output drum. 
Constant torque should not be mistaken for 
constant speed. To achieve constant speed, the 
mechanism must be restrained by a governor or 
similar device.

The design equations for B motors are:
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(15-5)

(15-6)

(15-7)

(15-8)

—	 Dn = natural diameter

—	 D2 = storage drum diameter 

—	 D3 = output drum diameter 

—	 R3 = output drum radius

—	 Rc = center to center distance of drums

Note that for A motor springs, D3 is negative in 
the torque equation and drops out of the stress 
equation. 

Typical values for the design parameters are: 

b/t = 100, Dn/t = 250, D3/Dn = 2, D3/D2 = 1.6

12.5  Choice of Stress Levels

Maximum recommended stress levels for 
constant force spring motors depend on 
desired life. Stress is estimated from Equation 
15-6, which gives the theoretical fiber stress 
in a spring. Due to residual stresses, the 
actual stress experienced by a spring may be 
considerably less than indicated. However, in 
most cases, the Equation 15-6 gives a good 
stress approximation. Stress versus cycle life is 
presented in Figure 15-7. The term cycle refers 
to a stress cycle experienced by any portion 
of the spring. Moving an element of material 
through the active region constitutes a cycle for 
that element.

12.6  Tolerances

Width tolerances for constant force motor 
springs are dictated by strip tolerances, and 
diameter tolerances are determined by storage 
and output drum tolerances. Torque tolerances 
are ± 10%. In specifying constant force 
spring motors, only the space and functional 
requirements should have tolerances. Strip 
thickness and length should be considered 
reference dimensions.
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12.7  How to Specify

The constant force spring specification checklist 
below is provided as a guide to all critical 
aspects of constant force springs.
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13  SPIRAL SPRINGS

13.1  Introduction

This group includes hair springs and spiral 
torsion springs or brush springs. Spiral springs 
are characterized by the requirement that their 
coils do not touch during operation. Stress 
occurs in bending and, in most applications, 
deflections are limited to fewer than three 
revolutions.

13.2  Hair Springs

Hair springs are small spiral springs with space 
between coils. Hair springs are used in meters, 
instruments, and timing mechanisms, and are 
usually mounted on hubs or collets. The outer 
end is often clamped or hinged. If a hair spring 
is subject to deflections greater than two to 
three revolutions, the coils become unstable 
and buckle into a ball-like configuration called 
caging. In general, the width-to-thickness ratio 
b/t should be kept within a range of 3:1 to 15:1. 
The length to thickness ratio L/t should be in a 
1000:1 to 3000:1 range. A typical design is one 
with a b/t = 10 and L/t = 2000.

Deflection is given by:
(16-1)

(16-2)

This equation applies when both ends are rigidly 
mounted. If the outer end is hinged, deflection 
for a given torque will be about 25% greater 
than calculated above. Spring rate is constant, 
provided the length of active material remains 
constant. Hysteresis is near zero.

Uncorrected stress is calculated from:
(16-3)

For fatigue applications, particularly for hair 
springs that contain sharp bends, a correction 
factor that accounts for curvature is used. 
Correction factors are expressed as:

Round wire:
(16-4)

(16-5)

Square wire:
(16-6)

(16-7)
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13.3  Choice of Stress Level

Maximum corrected stresses for hair springs 
subject to cyclic service are presented in Table 
16-1. These stresses are for a stress ratio of 
zero. For applications subject to stress reversal, 
maximum stress values should be reduced to 
60% of stated values.

13.4  Tolerances

Hair springs are produced in a wide range of 
sizes. For small sizes, their tolerances depend 
on wire tolerances. Associated Spring engineers 
should be consulted for specific tolerance 
information.

13.5  Brush Springs

Spiral torsion springs are generally called brush 
springs because of their historic use in applying 
pressure to carbon brushes in motors and 
generators. Brush springs are seldom deflected 
more than 360° and generally have a length-to-
thickness ratio L/t between 200 and 1000. The 
torque revolution curve is linear, provided that 
rotation is small, the coils do not touch each 
other, and the amount of active material remains 
constant. Design equations are the same as for 
hair springs.

Short brush springs with fewer than two turns 
will have a slightly higher rate than indicated in 
these equations.

Selecting an arbor diameter to determine space 
requirements for a brush spring is complex. The 
task is made easier by use of:
(16-8)

Da = arbor diameter.

This approximation assumes that coils are spaced 
uniformly in the free position. Inactive material 
at points of attachment is not considered.

13.6  Choice of Stress Level

Maximum uncorrected stress levels for static 
applications are shown in Table 16-2. For fatigue 
applications, maximum corrected stress levels 
are presented as a function of life in Table 16-
3. Correction factors are necessary to account 
for the stress concentration due to curvature 
(Equations 16-4, 16-5, 16-6, or 16-7).

13.7  Tolerances

While the dimensional tolerances for brush 
springs vary with the application, load tolerances 
can be held within ± 10%.
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13.8  How to Specify

The spiral spring specification checklist is 
provided as a guide to all critical aspects of 
spiral springs.

13.9  Brush Spring Design Example

A torque of 100 N • mm (0.885 lb-in) is required 
for 120° of revolution. The spring can be 6.5 mm 
(0.256”) wide and will work on a 9.5 mm (0.374”) 
diameter arbor. Material is carbon steel. Stress 
at 100 N • mm (0.855 lb-in) is 585 MPa (85,000 
psi). Both ends are clamped and there are no 
sharp bends.
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14  VOLUTE SPRINGS

14.1  Introduction

Volute springs are similar to conical compression 
springs. A volute spring consists of a relatively 
wide, thin strip of metal wound on the flat so that 
each turn or coil telescopes inside the preceding 
one. The material is stressed in torsion. Such 
a spring, when fully compressed, has a solid 
height equal to the strip width. Double volute 
springs are similar to two volute springs in series 
but must be made from blanked forms (adding 
to their cost).

Volute springs can store large amounts of 
energy in a small space. Other advantages 
include vibration damping provided by friction 
between the coils, extra absorption of impact 
energy, good lateral stability, and a nonlinear 
load deflection curve. The latter produces a 
rapidly increasing rate as coils bottom out in 
succession.

Disadvantages of volute springs are that intercoil 
friction causes galling and stress concentrations 
that may lead to early failure in cyclic 
applications. There is also a very nonuniform 
stress distribution within the spring, which tends 
to further reduce fatigue performance. If a 
nonlinear rate is undesirable, the load deflection 
curve can be made more linear by winding the 
larger coils with a greater helix angle, so all coils 
bottom out at the same time.

Volute springs are produced in a wide range of 
sizes. Small sizes are generally cold-wound from 
either pre-tempered or annealed carbon or 
spring temper stainless steel strip. Large sizes, 
often used in suspension and bumper systems, 
are usually hot-wound from carbon and low 
alloy steels.

14.2  Choice of Stress Level

Maximum operating stress levels are presented 
in Table 17-1 for static applications. Many large, 
hot-wound volute springs have set removed, 
while most cold-wound volute springs are 
supplied in stress-relieved condition.

Maximum recommended stresses for cyclic 
service are given in Table 17-2. This applies only 
to volute springs that have no coil interference 
and are made from wire or strip with round 
edges.

14.3  Design Equations

Volute springs are usually mounted between flat 
plates so that all coils can bottom out. A bearing 
surface of at least three-quarters of a coil is 
required at each end. An approximate design 
technique uses methods developed for conical 
and rectangular wire springs.

The spring rate of an active element is 
determined from:
(17-1)
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where K2 is a constant shown in Figure 5-16. The 
rate for the entire spring is obtained from the 
rates of all active spring elements by:
(17-2)

(17-3)

where D1 is the mean diameter of the inside coil 
and KF is given in Figure 5-17. For a spring with 
a constant helix angle, stress will be highest at 
this location. For variable pitch springs, stress is 
often highest at the outside coil. More detailed 
design methods are presented in Reference 
3 and Reference 9. For critical applications, 
consult Associated Spring engineers for design 
assistance and tolerance recommendations.



Associated Spring  
ENGINEERING GUIDE TO SPRING DESIGN Page  122

Return to ContentsWIRE FORMS

15  WIRE FORMS

15.1  Introduction

Wire forms are designed with a wide variety of 
shapes to perform many functions. Wire forms 
are often used as links to carry loads with a 
minimum deflection, electrical resistance units, 
or as rings and clips to hold parts in place. There 
are no general design equations for wire forms. 
The equations for torsion springs (Section 9) are 
often modified to determine the stresses and 
deflections due to bending, while the equations 
for compression springs (Section 5) are modified 
to determine the stresses and deflections due 
to twisting.

Wire forms are made from both high-strength 
spring materials and annealed materials. Sharp  
bends are not only difficult to form but cause 
stress concentrations, and they should be 
avoided whenever possible. Most wire forms are 
manufactured in one operation on automatic 
equipment; therefore, tooling is required.

15.2  How to Specify

An engineering drawing is the best way to specify 
the wire form. Consultation with Associated 
Spring engineers early in the design stage of 
wire forms will often result in considerable cost 
savings. Also, minor changes in part design can 
sometimes facilitate manufacture on automatic 
machinery, as well as reduce tool costs.
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Active coils

Those coils that are free to deflect under load.

Angular relationship of ends

Relative position of hooks or loops of an 
extension spring (or ends of a torsion spring) to 
each other.

Baking

Heating of electroplated springs to relieve 
hydrogen embrittlement.

Block

See Solid height.

Buckling

Bowing or lateral displacement of a 
compression spring. This effect is related to 
slenderness ratio L/D.

Close wound

Adjacent coils are touching.

Closed and ground ends

Same as Closed ends, except the first and 
last coils are ground to provide a flat bearing 
surface.

Closed ends

Compression spring ends with coil pitch angle 
reduced so they are square with the spring axis 
and touch the adjacent coils.

Closed length

See Solid height.

Coils per inch

See Pitch.

Deflection

Motion imparted to a spring by application or 
removal of an external load. 

Elastic limit

Maximum stress to which a material may be 
subjected without permanent set. 

Endurance limit

Maximum stress, at a given stress ratio, 
at which material will operate in a given 
environment for a stated number of cycles 
without failure.

Fixture tempering

Restraining parts during tempering to improve 
dimensional control.

Free angle

Angular relationship between arms of a helical 
torsion spring that is not under load.

Free length

Overall length of a spring that is not under 
load.

Gradient

See Rate.

Heat setting

A process to pre-relax a spring in order to 
improve stress relaxation resistance in service.

Helical springs

Springs made of bar stock or wire coiled 
into a helical form. This category includes 
compression, extension, and torsion springs.

GLOSSARY OF SPRING TERMINOLOGY
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Hooks

Open loops or ends of extension springs.

Hysteresis

Mechanical energy loss occurring during 
loading and unloading of a spring within 
the elastic range. It is illustrated by the area 
between load-deflection curves.

Initial tension

A force that tends to keep coils of a close-
wound extension spring closed and that must 
be overcome before the coils start to open.

Loops

Formed ends with minimal gaps at the ends of 
extension springs.

Mean diameter

The average diameter of the mass of spring 
material, equal to one-half the sum of the 
outside and inside diameters. In a helical 
spring, this is the equivalent to the outside 
diameter minus one wire diameter.

Modulus in shear or torsion (modulus of 
rigidity G)

Coefficient of stiffness used for compression 
and extension springs.

Modulus in tension or bending (Young’s 
Modulus E)

Coefficient of stiffness used for torsion or flat 
springs.

Moment

A product of the distance from the spring axis 
to the point of load application, and the force 
component normal to the distance line.

Natural frequency

Lowest inherent rate of free vibration of a 
spring vibrating between its own ends.

Patenting

The process of heating carbon steel above its 
critical temperature and cooling at a controlled 
rate to achieve a fine pearlitic microstructure.

Pitch

Distance from center to center of wire in 
adjacent coils in an open-wound spring. 

Plain ends

End coils of a helical spring having a constant 
pitch and ends not squared. 

Plain ends, ground

Same as Plain ends, except wire ends are 
ground square with the axis. 

Rate

Spring gradient or change in load per unit of 
deflection.

Residual stress

Stress mechanically induced by such means 
as set removal, shot-peening, cold working, 
or forming. It may or may not be beneficial, 
depending on the spring application.

Set

Permanent change of length, height, or 
position after a spring is stressed beyond 
material’s elastic limit.

Set point

Stress at which some arbitrarily chosen amount 
of set (usually 2%) occurs. Set percentage is the 
set divided by the deflection that produced it.

GLOSSARY OF SPRING TERMINOLOGY
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Set removal

An operation that causes a permanent loss of 
length or height due to spring deflection.

Shot-peening

Blasting the surfaces of spring material with 
steel or glass pellets to induce compressive 
stresses that improve fatigue life.

Slenderness ratio

Ratio of spring length to mean diameter L/D in 
helical springs.

Solid height

Length of a compression spring when 
deflected under sufficient load to bring all 
adjacent coils into contact.

Spiral springs

Springs formed from flat strip or wire wound in 
the form of a spiral, loaded by torque about an 
axis normal to the plane of the spiral.

Spring index

Ratio of mean diameter to wire diameter. 

Squared and ground ends

See Closed and ground ends. 

Squared ends

See Closed ends.

Squareness

Angular deviation, between the axis of a 
compression spring in a free state and a line 
normal to the end planes.

Stress range

Difference in operating stresses at minimum 
and maximum loads.

Stress ratio

Minimum stress divided by maximum stress.

Stress relief

A low temperature heat treatment given 
springs to relieve residual stresses produced by 
prior cold forming.

Torque

See Moment.

Total number of coils

The sum of the number of active and inactive 
coils in a spring body.

GLOSSARY OF SPRING TERMINOLOGY
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METRIC AND ENGLISH UNITS

CONVERSION FACTORS, METRIC AND ENGLISH
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CONVERSIONS FOR CARBON STEEL
BETWEEN HARDNESS SCALES AND TENSILE STRENGTHS, APPROXIMATE

CONVERSIONS FOR CARBON STEEL




