International Conference on Mechatronics, Electronic, Industrial and Control Engineering (MEIC 2014)

Energy Storage and Stress Analysis of Spiral
Spring on Mechanical Elastic Energy Storage
Technology

Jing-Qiu Tang
Department of Mechanical Engineering
North China Electric Power University

Baoding, 071003 , China
e-mail: tangjingqiu@sina.com

Zhang-Qi Wang
Department of Mechanical Engineering

North China Electric Power University
Baoding, 071003 , China

Abstract—The energy storage technology plays an
important role in the modern power grid. The application of
the energy storage technology can improve the stability and
controllability of the new energy technologies, and can
steady the power grid operation and improve the quality of
power supply. In this paper, the principle of energy storage
of the mechanical elastic energy storage technology on spiral
spring is stated, the method of improving the energy storage
density is discussed, and two Kkinds of section of spiral
springs are designed, such as rectangular cross section and
special cross section of spiral spring. Aimed to the two kinds
of section of spiral springs, the finite element model are
medeled, the stress distribution is analysed, and the results
of two kinds of spiral spring are compared. With the results
of finite element analysis, this paper states the different of
two Kkinds of spiral springs’ stress distribution, analyses the
area of stress concentration of the special cross section spiral
spring, and lays a foundation for further mechanical analysis
and structural optimization.
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1. INTRODUCTION

Due to wind and solar power randomness, intermittent
and volatility will cause the change of the power grid
voltage, frequency and phase, can affect the stability of
modern power grid operation, is not conducive to new
energy power generation for power grid. Application of
energy storage technology can effectively improve the
controllability of the mnew energy technology,
implementation of new energy power generation smooth
output, enable new energy power generation stable and
reliable to the power grid, and energy storage technology
can also be used in modern power grid for the
improvement of the power supply quality. Energy storage
technology is the technology that the energy is stored with
chemical or physical methods, in time of need to release
the energy. Energy storage technology at present not
unified standard of classification, according to the way of
energy conversion, energy storage technology can be
divided into physical and chemical, physical form and
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electromagnetic field can be divided into mechanical
energy storage and energy storage, including physical
energy storage is also known as mechanical energy storage,
including pumping energy storage, compressed air energy
storage, flywheel energy storage, such as mechanical
energy storage method has a large capacity of energy
storage, high efficiency, low cost and no pollution, etc.

Mechanical elastic energy storage technology uses the
plane spiral spring as the basic energy storage element.
While storing, spiral spring under the influence of working
load will produce larger -elastic deformation, the
mechanical energy or kinetic energy is converted to a
spring elastic potential energy. while releasing, the elastic
deformation of the spiral spring will disappear, and release
the elastic potential energy. The energy will turn into
mechanical energy or kinetic energy, or other forms of
energy[1-6]. This article expounds the principle of
mechanical elastic energy storage technology[7], putts
forward the method of improving the energy storage
technology of energy storage density, and set up different
cross section of the structure of the spiral spring mechanics
model and analyzes the relationship between spiral spring
section structure and the stress distribution under working
load.

II.  SPIRAL SPRING ENERGY STORAGE PRINCIPLE

A. Spiral spring energy storage process

Plane spiral spring is the use of thin spring material
made into a kind of planar spiral spring, often the spiral
spring cross section is rectangular. One end of spiral spring
is fixed and the torque is loaded at the other end. The
bending elastic deformation will produce on the spiral
spring length, so that the spiral spring produce twist in its
own plane, storage or release of elastic energy.

Energy storage process of mechanicalelastic energy
storage technology can be summed up in spiral spring
energy storage process of storage components, the energy
storage of spiral spring is the equivalent of the work W



that the spiral spring rotating the number of work turns n at
work torque T, as (1), @ is equal to the 277X N .
W =Tx¢g (D
Spiral spring's torque T in the working process is

following the number of work turns n, the change tendency
is shown in Fig .1.

Figure 1. Relationship of torque and work angle

The spring’s turns in free state is shown as n0, the
turns released in spring equipment is nl, the turns rolled
tightly on shaft is n2. The work turns of spring is An=
k4(n2-n1). Here, k4 is effective coefficient on the diameter
of spring’s shaft and the thickness of spiral spring[8].

As shown in Fig .3, the curve of spring work torque
is divided into theory torque curve AJ, input torque curve
BF and output torque curve BE. In this paper, only the
input torque curve BF is analyzed. Because of the friction,
the left end of input torque curve BF has a curve that
means the spring is gradually released. The right end of
input torque curve has a curve that means the torque of
spring rapidly rise after the spring is tightened round the
shaft. In fact, during the process of energy storage, only
the torque is used while the spring deforms all over the
spring. Shown in Fig .3, this stage of the curve is the An.
This time, the curve tends to straight line. In the A n stage,
the curve of work torque is approximately linear[9].

The Work torque of spiral spring can be calculated as
formula (2) and formula (3). Elastic modulus E and
moment of inertia I are proportional to work torque. The
limit torque T, of spiral spring is checked by the tensile
strength limit value [o,] of spring’s material. Z,, is the
section coefficient of bending.

B. Spiral spring force analysis

Shown in Fig .2, one end of spring is fixed, the fixed
point is A, the other end is fixed at point O. The distance
from point A to point O is r. When the torque is loaded at
point O, the loads at point A include torque T, tangential
force P, and Radial force P, [10].

Figure 2. Force analysis of flat spiral spring
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The Work torque of spiral spring can be calculated
as (2) (3). Elastic modulus E and moment of inertia I are
proportional to work torque. The limit torque T, of
spiral spring is checked by the tensile strength limit value
[op] of spring’s material. Z, is the section coefficient of
bending[11].
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The commonly cross section of spiral spring is
rectangular. The moment of inertia I and the section
coefficient of bending Z,, of spring can be calculated as as
(4) (5) (6). In formulas, b is the width of cross section, and
h is the thickness of cross section.
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The maximum torque and minimum work torque of

spiral spring can be calculated as (7) (8), K3 is fixed

coefficient.
'|'2:K3><Tmax D)
T,=05x%T, (8

C. Method of enhancing energy storage density

According to (4)(5)(6)(7)(8), conclusion can be get.
1) At the neutral axis of spiral spring section, the

bending moment is equal to zero, namely the spiral

spring work torque doesn't work.

2) The material near the neutral axis of Spiral spring
section little impact coefficient of moment of inertia
and bending section.

According to the discussion above, the method of
improving spiral spring energy storage density is reducing
the material near the neutral axis of rectangular section
spiral spring, establishing special section spiral spring.
Two kinds of spiral spring’s cross-sections is shown in
Fig .3.
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(a) rectangular cross section (b) special craoss section

Figure 3. Cross sections of spiral spring



III. MECHANICS ANALYSIS OF SPIRAL SPRING

A. Finite element model

According to Fig .3, the rectangular cross-section of
spiral spring and finite element model of special section
spiral spring are established. In order to simplify the
calculation, a certain length of spiral spring can be
intercepted for mechanics analysis.while the spiral spring’s

torque is maximum torque T,, the analysis can be done

for the stress distribution characteristics of spiral spring.
The arc length | of spiral spring intercepted is 80mm,

the arc radius R is 80mm, the material of spring is

55CrMnA, the modulus is of elasticity other parameters
is shown as Table I.

TABLE L MATERIAL PROPERTIES OF SPIRAL SPRING
swngupe | fedenod | spec s
elal\g(t)igil;i/uéltz}fpa 197 197
Tensile strength
o, /Mpa 1653 1653
Material 55CrMnA 55CrMnA
T, N+m) 9.918 9.149
T, N+m) 4.959 4.574
a (mm) — 2.5
b (mm) 10 10
¢ (mm) — 1
h (mm) 2 2

As the Table I shown, the models of the cross section
of spiral spring can be set up, and imported into the
ANSYS software system. With entity modeling and the
hexahedral element meshing, two kind of cross-sections of
spiral spring finite element model can be established[12,
13].

B. Spiral spring stress analysis

Because the working process of the plane spiral
spring is in Elastic deformation range, the analysis can be
as a general linear problem analysis, no special definition
of nonlinear materials.

Loading bending moment T, on two end face of the

finite element model, two kinds of spiral spring’s
deformations and Stress diagrams can be generated, with
the proportion of 1:1. Using Von Mises Stress (Miese
equivalent Stress) for stress analysis, the result is shown in
Fig .4.
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(a) stress of rectangular cross section spring

(b) stress of special cross section spring

(c) local stress of rectangular cross section spring

(d) local stress of special cross section spring



(e) surface stress of special cross section spring

(f) local stress of special cross section spring

Figure 4. Results of stress anslysis

C. Results analysis

A and b figure in the Fig .5 show the two kinds of
spiral spring’s stress distribution with their respective
maximum work torque, the wireframe represents the shape
of the segment of spiral spring without the bending
moment.

C and d figure in the Fig .5 show the two kinds of
spiral spring’s stress distribution of local amplification.
According to ¢ and d figure,it can be clearly seen that
under the effect of maximum torque, the stress of spiral
spring is layered, and near the neutral axis of cross section,
stress is minimum. Away from the neutral axis, stress
increases gradually. At a distance from the neutral axis,
stess is the most peak.

E and f figure in the Fig .5 show the stress
distribution on special cross-section springs surface with
maximum work torque. Can know from the table, the
special sping’s stress on the surface is not a constant value,
which on the middle and two wings of the spiral sping is
relatively small. The stress is largest on the area where the
spiral spring’s plane of two flanks hollow part and the
spiral sping’s hemicycle are tangent.
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IV. CONCLUSION

This paper expounds the principle of mechanical
elastic energy storage technology and the method of
enhancing the energy storage energy storage density, and
sets up different cross section of the structure of the spiral
spring mechanics model, analyzes the stress distribution of
spiral spring with the maximum work torque, and the
influence of spiral spring section on the stress distribution,
the stress distribution of special cross-section spiral spring,
points out the area of stress concentration of different
section of spiral springs. Which provide the calculation
basis for the precision mechanical analysis, the structure
optimization and the optimization of energy storage
density of spiral spring.
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