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Finite Element Analysis of a Spring Supplied by TSL Turton Ltd

1. Introduction

The technique of Finite Element Analysis (FEA) is widely used in engineering as a stress
analysis and design tool. The aim of this report was to evaluate its effectiveness in
analysing springs, in comparison with existing commercial spring design software as well as
physical load testing of the spring.

2. General setup

The software used was ANSYS Structural v11, which is an industry standard non-linear

FEA package. It is of course necessary for the operator to have a certain level of skill, and
probably undergo a considerable amount of training. As with all FEA software, there is an
obvious temptation for novice user s andarustits e at
output implicitly.

The comparison software was | STO0s Spring Desi
the wire diameter, coil diameter and pitch to be varied along the length of a spring. Its use is
limited to axially symmetrical helical compression springs.

The spring was also tested wusing one500® (al STO
standard commercially available machine) has a load capacity of 50 kN, with a load
resolution of 0.5 N and a length resolution of 0.01 mm.

The spring is shown below in Figure 1. It is approximately 320mm long, with a maximum
OD of 128mm, and made from 11.68mm wire. One end (the left of the photograph) has a
flat pigtailed end for around half a coil, the other end has the last turn butted in to give about
half the coil-to-coil distance of the main body.

Figure 1 - The spring to be modelled
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3. FEA Model creation
i. Meshing

The basic technique used to create the mesh was to sweep a 2D mesh along a helix
defining the centre-line of the spring coils. This guarantees a good mesh shape and helps
to keep the number of elements (and therefore processing time) to a reasonable level.
Figure 2 below shows the 2D mesh and the lines used to sweep along.

AN

APR 6 20039
17:19:34

Figure 2 - Sweeping a 2D mesh around the centreline of the spring coils

One of the difficulties in modelling springs is to create a realistic transition around the end
coils. The obvious way is to create one coil at an initial pitch, then change the pitch for the
main body of the spring, but this creates a model where the body of the spring tries to bend
around one position, and gives a huge stress. In this model the pitch was gradually
increased in 0.1 coil increments to smooth out this effect.

ELEMENTS

EONNANANNANNN

Figure 3 - The final mesh including the flat block used to constrain one end of the spring
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ii. End conditions

The pigtail end was modelled using a flat plate. The first model constructed simply
restrained the first flat half-coil, but at high deformations this enabled the next part of the
spring to deflect down past this position (see Figure 4 below). Therefore a simple flat block
with contact elements was also used.

Figure 4 - Unrealistic deformed shape produced by clamping the flat part of the end coil, but not
preventing the subsequent coils from passing this point.

The other end of the spring was assumed to fit in a seat. The easiest way to model this was
to simply move the end tip together with a point located half a coil around by the same
vertical distance. This is equivalent to immobilising this part of the spring in a seat or cup.
Figure 5 below shows a common problem that occurs when the deformation is not defined
properly. In this case an axial displacement was applied purely to the tip of the spring, and
the deformation was achieved by buckling rather than the deflection that might be expected.

% § Point a_t which _
% / deflection was applied
(a) (b) (c)

Figure 5 - Unrealistic deformed shape (shown side-on) produced by simply displacing a single point
at the tip of the spring vertically downwards by (a) 80 mm, (b) 117 mm and (c) 240 mm.
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The final set of contact elements is shown in Figure 6 below, with the red elements facing
downwards and the blue elements upwards being the two element types whose contact
would be detected. In reality, it is probably not necessary to mesh the whole of this spring
as the majority of it is constant coil diameter and pitch, but many springs of this type have
continually varying diameter and pitch, so the model must be able to cope with contact at
any point. In addition, this model was deformed very close to solid, so there was in fact
contact in the main body.

ELEMENTS

TYPE NUM

Figure 6 - Contact elements assigned to the spring

4. IST software model

The spring was also modelled in | ST6s commer
Standard spring type). The aim was to recreate the same spring as defined in the FEA as
closely as possible, to validate both technigq

allows the OD to be varied linearly from one coil position to another, and the pitch varied in

steps, by specifying an axial distance between two coil positions. Although this is not ideal

for defining a real spring (in manufacturing, the pitch will gradually change as the pitch tool

moves), it does enable exactly the same design to be specified easily in both software
packages. The only noteworthy feature of this design is the way the end coils are defined.

The pigtailed end is created simply by specifying zero pitch in the first half a turn. The other

end is omitted compl et el y ftwhre does notlalow phe ofithg n , a
spring to be defined as inactive. This will of course lead the software to calculate a free

length that is too short.

These numerical specifications are shown in Table 1 below, together with the final design
printout in Figure 7 and the spring drawing in Figure 8.

4

L:\PROJECTS\810CollectiveResearchProg\tech reports\90429 Tech-Spring Report 22



2u\LLSy,

o,@p
RING TECHNOLOGY
Coil Positions | Axial Distance
0-05 0
0.5-0.6 0.2
0.6-0.7 0.8
0.7-0.8 1.9
0.8-0.9 3.3
09-1 4.8
Coil position | OD (mm) 1-5 240
0 100 5-53 18
0.5 128 5.3-5.55 10
5.8 128 5.55-5.8 10
(a) (b)

Table 1 - Showing the specifications for OD and axial range
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INSTITUTE OF SPRING TECHNOLOGY Date: 08/0452008 132316
ldentifier: 810 turton end seat fixed
Spring Type Mon-Standard Compression Calculated Data
Designed To: 15T Free Length: 30068 mm
Solid Lenath: 65.81 mm
Material Solid Load: 70434 il
BS 2803 Pre Hardened Carban Solid Stress: 14832 Mimm*2
oungs Mod (E): 206800 Mimm*2 Outside Diameter Max. 128.00 mm
Rigidity Mod {G): 79300 Mimm*2 Inside Diameter Min.: TE.E3 mm
Density: .0oooaras Kofmm*3 End 1: Qutside Diam Max 128.00 mm
Unprestress: 0-53 % End 1: Inside Diam Min: T6.63 mm
Frestress: 43-70 % End 2: Qutside Diarm Masx 1258.00 mrm
End 2: Inside Diam Min: 104,63 mm
Tip Thickness: Spring Index Min.: 7.56
End 1: 100.00 % Spring Index Max 9496
End 2: 100.00 % Stress Factor Min.: 113
Stress Factor Max. 118
Design Parameters Wire Length: 2076.6 mm
Total Coils: 5.80 Wieights 1: 1.74 Ko
Wire Diameter: 11.68 mrm
Qutside Diameter:
Coil Position CQutside Diameter (mm)
Start End Start End
o 0.500 100.00 100.00
0.500 1.00 100.00 128.00
1.00 5.80 128.00 128.00
Spring Pitch
Coil Position Avial distance hetween wire centres (mm;
Start End Start End
1] 0.500 1] 1]
0.500 0.600 0.200 0.z200
0.600 0.700 0.800 0.800
0.700 0.800 1.90 1.90
0.800 0.900 3.30 3.30
0.900 1.00 4.80 4.80
1.00 5.00 240.00 240.00
5.00 5.30 18.00 18.00
530 558 10.00 10.00
558 5.80 10.00 10.00
Stress Data
COperating Positions
Lower % Tensile
Tensile Solid 1 2 3 4 b 3] T g 9 10
095465 1280 1180 1nou 184 29U |u 43U 58P B3P 800 920 940
094465 1280 1180 1nou 184 29U |u 43U 58P B3P 800 920 940
093465 1250 1190 iou 194 250 g 49U 58 F BY P g00 420 94 0
Specified
Operating Data
Operating Positions
1 2 3 4 ] 3] T g 9 10
Lenaoth {mrm) 27568 280.68 22568 20068 17568 150.68 12568 10068 T5.68 T0.6S
Load (M) 87073 11461 17226 23045 28BGAS 34715 41133 47705 54414 55921
Deflection {mm}) 25.00  50.00 75.00 10000 12500 15000 17500 20000 22500 23000
Stress (Nimm*2) 120 241 363 485 608 T 866 1005 1146 1178
Stress % Soalid g 16 24 33 41 49 58 i) 77 T4

Software Copyright @ 2002-2005 Institute of Spring Technology, Shetfield, Uk (7 500

Figure 7 - Design printout from IST software

OWWO

Figure 8 - Spring drawing from IST software
5. Load testing

The test machine compresses a spring between two flat platens. The butted end was fixed
using a spigot, to immobilise the end half turn in the same way as both the software
simulations. Because the other end was flat, it was allowed to simply sit against the platen.
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In this way, the three tests were as close as possible. However, the deflection of the load
tester was limited to 125 mm, the | ast of the operatin
predicted was fAsafeo before permanent def or ma:

6. Comparison of load/deflection results

The two numerical results aimed for in this study were load/deflection characteristics, and
stress calculations. A comparison of load results is shown below in Figure 9 i the two
software methods were calculated right up to the solid position, and the spring would
probably fail before this point.

It can be seen that the FEA and load tester results are extremely close, with the IST
software having a slightly higher rate. The main difference here is probably due to the way
the deflections are handled at the butted (non-pigtailed) end. The immobilised half turn was
removed in the software, but of course this will affect the behaviour of the next part of the

spring, and itisanover-si mpl i fi cation to just Acut off o th
6000
]
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Figure 9 - Load/deflection graph comparing the results from FEA and IST software
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7. Comparison of FEA and IST software stress predictions

FEA stress results at different deflections can be seen from the three images below. The

contour plots show the Von Mises (fequi2aAal ent

and 231 mm deflection. Note that the colours are not equivalent, as each one plots the
maximum stress at that particular position in red.

(a) (b) (c)
Figure 10 - Von Mises stress at (a) 152 mm, (b) 202 mm and (c) 231 mm deflection.
The stress output from | ST6s software 1 s ¢

represents the maximum stress found along the spring. The stress distribution can be
plotted at a working length, and an example of this is shown in Figure 11 below, for two
operating positions (deflections of 25 and 230 mm). A full discussion of this graph is beyond
the scope of this report, but by considering the dark green plot for Operating Position 10 it
can be seen that the stress rises rapidly from coil position 0.5 to 1 as the available
deflection rises, and then drops in the last half a turn as the pitch reduces. It is also clear
that at the pigtail end, where the pitch information was provided in 0.1 turn increments, the
predicted stress distribution is much smoother than at the other end where the pitch input
was coarser.

#7 Load f Length Graph
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To compare the most useful output from the two software packages, a stress contour plot
from the FEA is shown in Figure 12. Note that the stress plotted is shear stress 1
conventionally some measure of absolute stress such as Von Mises stress would be used
for an engineering component, but the stress is springs is always calculated as a shear
stress as this is the most important result of the torsional loading. The maximum stress
shown is 1121 MPa (at 231 mm deflection), which compares well with the value of 1174
MPa calcul ated by Figielld)s software (see

Figure 12 - Shear stresses at large deflection

Figure 13 - Calculatedre sul t s i n | STéds software, at

8. Conclusions

As always, boundary conditions are vital for any FE model. The nature of this particular
spring helped by making these obvious. The pigtail end gives a clear boundary at one end
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