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A Study on the Stiffness of Frustum-shaped Coil Spring
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Nomenclature 1. Introduction

{5 Nodal displacement vector of element in Frustam-shape coil spring is a machine element

. = i3 - . » x
global coordinate system with simple stracture”  from that various  spring
(F¥} : Nodal load vector of clement in glabal forces vaabd be obtaned. 10 13 widely used in
wordinte s i’ ' ‘ deflation washer of an astomobile, return gpring in
coordinate sysiem ) ‘

clutch assembly and buffer spring of press.

R VNP, S 1 S R
LK) [';g] ! bmfim’b miatrix displacement “"mm Correction coefficient based on Wahl's theory is
of cement in global and local coordinates misly applied to spring analysis, but finite element
system method™ is used to nf')iai'* correct stiffness, In
£y, By Fy, ¢ Distributed load 0 x % 2-axs addition, previous researchs™ report that cvlindrieal
directions of beam element coil spring reveived  increased tensile load  was

T, T, T, Torsional moment to x, ¥ 2-axis  analvzed,

e
divections of beam element In this study. finite element method was applied

D, Dot Minimum and maximum coil diameters 1o evaduate stiffness of frustum-shaped cotl spring
of spring thit was mcreased compressed digiributed load aned

o develop new analvas method by programerong

n T Number of active ool
- o using MATLAB.
{ D Shear mndisius o ) _
) o Spring shape  was  divided  nto 14D beam
o © Phiameter of coll matorial

clement. Non-linear part was decoded by applying
step by step method m linear simalismeous eguation

Memmscrpl received © Mo 22, 200 when measuring displacement. by load, Therelore

S 1. LeefCorrospenwling Autherd © Degte of Mechanical  analviical solation was compared with expenmental
Eng., Pakyong National Universaty rezults which induced by modcling the shape of
Eoean! ¢ leesi@pbnaackr ] D060 18554
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sample and then input vahies of each spring o
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It 1s expectedd that this method can be considered
useful when spring was designed because sunple
singdation can be done by inpulting  anticipating

factor 10 sprng stiffness,

2. Formuilation of finite element

2.1 Stiffiness rmatrix

As shown in Fig. 1, the shape of frustum-shaped
coll spring was organized using heam element 1n

Fig. 2 Displacements and forces on a space beam
3D space. element in global coordinates
It Fig. 2, heam element was pointed according to
theory of coll spring divided Into beamn. Bending displacement ¢, s g5 Qu 1 XV
Two nodal points were denoted as 1, 2 in beamn  -plane were a’fected by directional shear load in ¥
element and displacement vector and load vector  ~axis and by bending moment and load m o xz
can he indicated by following eguation in global  -plane However, wy-plane and xz-plane agrees
coordimated svstem with principal axis of section and displacement and
bending load i two planes can be considered
idependent.  Therefore,  considering  each  case,
@ @y Qy Qy @y G (1) 12¥12 matrices were obtained in local coordinate

system by supemposition.

{Fl={F, F, Fyu Ty Ty Ty . s e , .
Global stiffness mateix of bearn element could be
Fo Fo Fg Typ Ty Tel (2} obtained by superposition of each stiffness matrix

according to the kinds of lead. In addition, global
stiffness coordinate [ 4] was found 1n followmg
local coordinate svetemn, As this equation 1s defined

under  local  coordinate  systemn, 1t ommust be

tramsformed under global coordmate svstern,

Yy

Fig. 1 One dimensional element in twee dimensional

space

Displacernent by load vector is influenced by axis
directional force and torsional  moment o local
coordiniate system in Fig. 3. Therelore, t-axis

displacement g, g, i alfected by axis directional
force and torstonal displacement, whereas ¢, and  Fig. 3 Displacements of space beam element in

gy are influenced by tforsional moment. local and global coordinates sysiem



22 Load vector
Load wector in Doile  element
obtained by applving the principle of virtual wnrk”

method  wag

As shown in Fig 4, frustun-chaped col spring

which was severed In upper parts  received
distribution load such as tensile or compression of
axiz  direction. Therefore, disinbution Ioad s
converted 1o nodal force of beam element. {7}
was denoted load vector of beamn element and
[N] was denoted shape function of beam element.
Iy node of beamn elenent 1, 2 1in Fg 5, load vector
having 12 degree of freedom can be illustrated as

following.
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[N]7 can be obtained from previous investigation

as follows.
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Spbstifufing equation B2 m Eqo &5 the load Fig. 7 llustrated deformation aspect of frustim

vector vould be solved in nodal points 1, 2, Global  -shaped coil spring as vadous 6 dypes of load

load vector could be obtained by combining load  conditions.
vector in each element,

Table 1 Specification of frustum-shaped spring
Fy=+F, Fu=tF, Fi=-tF b pec sprne

) L F,

° tems Value
Compression force (N} 10

Upper diameter D, (mm) 942

Lower diameter D, (mn} 2075

Height H tmmi

Coil material {mrond

Number of active cols

Young's modulug (GPa)

Shear modulus (GPa)

Number of element

Table 2 Boundary condition of model

Displacesnent Distortion

Nodal poind

x ¥ z kY kY =
109-132 1 axed | free Oxed | free | free | free
133 fixed | fixed fixed | fixed | free

Fig. 5 Load vector in beam element

3. Analysis of frustum-shaped coil spring
{a) F=106 (N} (o) 2 NG

Formulized emuations by finite element method
was programmedd. Shape of frustuny-ghaped  coil
spring was discrete as 133 nodal points and was
divided mto 132 elememt @ Flg, 6 Anadysis was

implemenied by apphving boundiry  condition  in

Tables ]

ted F=a4l IND () F=6.174 {NJ

g TEE A e (el F=R0Eg (N} {7 F=R08 (N}

( - ‘ : by compression load
Fig. & Modeling of frustum-shaped coil spring ¥ pre *
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Fig, 7 Delormation of frustmm-shaped ol spring
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4. Experimenis

Fhoto 1 shows the specimen of this experiment
s troderial specification. Dimensions are presented
in Table 1 and Fig. 8 sespechively. Spring fester
FMOC-A 20000, which was used in this experiment,
was presented in Photo 2. Preparing three samples,
distributed compression load was measured  after
setting displacement of each s1x steps.

Photo | Samples for frustum-shaped coil spring

/

Photo 2 General view of spring fester
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5. Analysis and considerations

Eqpaticns  resolving  displacement  of  frustum-

shaped coll sing is as followang:
. 7, le_ R‘
16FPn I |
Gt R:— R,
Table 3, Fig. 9 and 10 presented the compansons
analvtical solution, experinent

Dp
o3
o

among the value of
and general theoretical equation.

Fig. 0 illustrated the coincidence between experiment
results and analvtical values. Less than 4% in
discrepaney between  solid the
results of finite element method, it 18 gatisiactory
that first grade for spring constant was permitted
by KS B 2405 in accordance with the tule which
is within less than 5%

mechanics  and
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Fig. 9 Relationships between compression force and

displacement Tor Trustum-shaped coil spring

In Fig. 10, overall spring coustant from Huile
elemment  miethod  showed  congistency, but early

period of experimental results  showed  differenmt
patterns from those of finite element method and
sotid mechmics. This discrepaney was mainly due
to paralielism, perpendicularity and  form error.
However, experinental results and values of mte
element method showed good agreemeit as load

mcreased.

Table 3 Comparison of deformation

. Sedid — SIS
Hem mechanics lest FEM
r)l:ﬁ:[{li“}\jfﬂg et 15,6437 15.4
{raml
Error () i 156
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6. Conclusions

The following conclusions were reached;
1. Finiie element method using beam element of
degree

compression Ipad was worked could be used to

twelve of  freedom  when  distnbated
analyze the stiffness of frustumr-shaped coil spring.

2 The results induced from finte element
method by beam element showed good agreement
with applving

frastum-shaped  coil spring which was  recesved

those of  experiment  when 10

disiributed compression load
3. Generally, spring is mude [rom slender coil
and its external diameter is larger than that of

material.  The softness  of  spring s manly
attributed o these  properties,  Therciore,

geometrical  non-linearity must be  considered

analyzing the resnits fram finite element method,
A, Using developed program, it 1s expected that

interrelation  of  load  awd  displacement

estimated applving to other sprngs, such as torsion

Wre

coil spring, torsion har, beam which 18 not straight

and stabilizer of automohbile,
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