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Tech-Spring Report C

An Assessment of High Cost Spring Analysis Tools

Introduction

This is the second of two reports examining low and high cost analysis tools, their
procedures for use and and validation of the methods. This report specifically addresses the
high cost tools and as such covers deliverables 4.2 (Procedures for Use) and 4.3
(Validation of High Cost Tools).

The high cost analysis tools identified as deliverable 4.1 in the first year of the project were
as follows:-

High speed camera.

Strain gauging.

MKS, subsequently renamed Multi Body System.
Finite element analysis.

X Ray residual stress measurement

Non axial spring testing
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Each tool is examined in turn to identify its uses, advantages, problems, methods of
validation and any other specific issues.

During the course of the project a number of additional emerging stress or strain measuring
technologies were identified that have future potential for stress or strain measurement of
springs - brief details of the technique and the potential uses have been included for
completeness, even though these techniques were not specifically examined during the
project.

High Speed Cameras

High Speed Cameras are used to slow down events that are going too fast for the eye to

see. In the Spring Industry the seemingly simple action of a spring reveals far more

complex movements when viewed in slow motion. When filmed at high speed we were able

to see the rotating and axi al resonance of thi
before and cannot be detected easily. This could well show why a spring may be breaking

whilst apparently operating within its design parameters. This is an extension of the more

usual job of the cameras, which is production line troubleshooting.

Cameras are available as hand-held or connected to laptops. This means that they can be
convenient and easy to use such as the Troubleshooter but with the X-Pri you get a camera
which connects to a laptop but has a smaller camera head this allows mounting in difficult
tight positions such as under machines. See pictures of the cameras below of both
cameras:
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Figure 1 High Speed Camera Equipment

During various parts of the project High speed cameras have been used to study:-

Testing of springs (report no 16)

Movement of the springs during service (Report no 9)
Coiling of springs (report no 10)

Grinding of Springs

PwphPE

The useage of high speed cameras is not very expensive if the camera is hired. The high
cost of the cameras (which is reducing) and the need to deploy a camera with lighting to the
location where the spring is either made, tested or used operationally may lead to high
costs. High speed cameras are delicate and need to be transported and stored in protective
cases to avoid damage, making the entire deployment of such equipment a major exercise.
This technique is potentially applicable to any size or type of spring that may be
encountered , but a variety of camera lenses may be required to handle the possible
combinations of lens focal length, camera to spring distance and spring size that may be
encountered in operational use.

Report number 9 details such a recording of a spring in operation at a refuse site in London
i a total of three filming visits were required to obtain the necessary footage to explain the
phenomenum involved. Slow speed playback will be required as a post recording analytical
stage.

Cameras can only be used where it is possible to get a direct view of the spring in its
operational location, and sufficient light is available or can be provided by floodlights etc to
enable the movement to be observed.

What are the types of spring features / events that high speed cameras can be used to
capture?

1. Operation of the spring at or near its resonant frequency or an harmonic of that
frequency, such that the spring does not behave in the manner predicted by
conventional theory. In practice harmonics down to 1/13" of the natural frequency
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are known to adversely affect fatigue performance, so potentially this is the bottom
limit to the effective use of this technique for this feature.

2. Where unexplainable failures of springs occur periodically the high speed filming of
the operation of a spring may be justified to confirm that the spring is actually
experiencing the expected loading / deflection conditions. Examples of unanticipated
loading conditions may be the non uniform movement of compression spring end
coils caused by interraction of the end coil with the adjacent coil, or the springs
experiencing occasional larger than intended deflections as a result of other
interractions within the operating equipment that the spring is installed.

3. High speed cameras may well prove to be useful in the identification of occasional
production related problems such as surface damage to springs and / or tooling
during spring coiling, observation of non uniform or uncontrollable deformation or
behaviour of a spring during testing.

Items 2 and 3 above can only be investigated by high speed cameras once that feature or
failure mode has been identified by the spring user as being of interest to examine in more
detail T this is a reactive technique rather than a predictive technique. There is virtually no
validation required with this technigque because it is observational rather than predictive.

The ongoing continuous development of more compact digital cameras of lower cost with
improved optical systems and lenses, lower light capability and compact high volume digital
storage media mean that this technigue will become increasingly more feasible for on site
investigations. It is already used for many engine applications, and the use of this method is
expected to increase significantly. It was used to confirm resonance, and the amplitude of
resonance in this project. At the London refuse site the method showed that the problem
was with the equipment and not with the spring itself.

Strain Gauging

Strain gauging was considered as a low cost stress analysis tool, but it can also be
considered to be a high cost tool as well, under certain circumstances described in the low
cost tools report.

Strain gauging is a contact analysis technique where a direct strain measuring element is
mounted onto the surface of an item to be measured. The strain gauge is then connected to
a separate signal conditioning / amplifier / display unit by cabling or possibly by wireless
systems.

The basic relationship that a strain gauge operates on is as follows:-

DeltaR= KU

R
Where:-
Delta R = resistance change due to strain
R = Initial strain gauge resistance
K = Gauge factor
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Since the strains experienced in most materials are small i in the order of micro metres per
metre, the changes in resistance are also very small T so a Wheatstone Bridge is used to
perform measurements. If the principles strain axis is known then a single strain gauge can
be used with its axis along the principle stress axis in a configuration called a quarter
bridge. If the principle strain axis is not known then a rosette of strain gauges (usually 3
individual gauges at angles to each other on a single backing) needs to be applied to the
spring

Careful selection of the strain gauge alloy material, flexible backing material, adhesive
system, strain gauge resistance, temperature compensation coefficient and gauge length of
the strain gauge are necessary to obtain the accuracy and reliability of strain measurement
for a given material and spring size. It is physically possible to attach strain gauges to
springs down to 3mm wire diameter, and the accuracy achieved during the project was
shown to be sufficient. If the directions of the principle stresses within a spring are not
known then it will be necessary to resolve this uncertainty by using rosettes of strain gauges
mounted onto a single backing film in which three individual gauges are oriented at known
angles to each other (usually 45°, 60° or 90°). Multiple channel equipment will be required
to analyse these rosettes 1 this is clearly a higher cost tool.

When a spring is loaded or fatigue tested the investigator is actually interested in the stress
present in the spring 1 this is a feature that cannot be measured directly by this technique.
The conversion of measured strain into a derived stress is accomplished by reference to the
Youngdés Modulus.(E) of a materi al

The procedure for use of strain gauging is as follows:-

1. Select the spring and the feature to be measured.

2. Select the correct strain gauge configuration and construction for the expected

measurement to be made. Fatigue applications will require larger and heavier strain

gauge installations than for static tests T the Manufacturers guidance literature need
to be examined carefully.

Prepare the surface of the spring to accept a strain gauge.

Install the strain gauge using special epoxy based cement or super glue.

Allow the cement to dry completely before use, otherwise the installation may fail

prematurely.

Cover the gauge in protective resin to preserve the working life of the gauge.

Install connecting wires to the strain gauge power supply system, switch the system

on and allow the gauging system to stabilise. Additional dummy gauges may be

needed to provide temperature compensation within the gauge assembly.

8. The spring needs to be operated, and the corresponding strain read off of the
monitoring equipment.

9. Perform calculations to ensure that the strain gauge is giving a strain output that is
proportional to the stress applied. This should then be compared with stress values
calculated via conventional mechanical theory to ensure that sensible results have
been obtained.

10. Appropriate data logging is required to ensure that the required data is recorded.

ok ow

No
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The main advantage of this technique is that it is possible to determine the surface stress in
a spring as the result of application of a load upon the spring. If there is any feature on a
spring that causes a stress to be locally increased then it is possible to measure this stress,
by adding additional gauges. The main disadvantage is that a strain gauge cannot measure
any residual stress that has been introduced into a spring prior to installation of the gauge i
this technique is completely incapable of identifying pre existing residual stress patterns
generated as a result of shot peening for example. Likewise the strain gauge cannot be
installed prior to shot peening, so that the residual stress can then be measured.

Strain gauges themselves are relatively inexpensive, but a high level of skill and experience
is required by the operator to ensure that a good installation is made and that sensible
results are obtained. Installation of gauges is a relatively slow procedure possibly taking
several hours per gauge.

Strain gauges were used repeatedly in the Tech-Spring project to verify classical
mechanical formulae and their accuracy and to illustrate resonance thus confirming their
suitability for high speed dynamic applications. They were also used to show the shearing
of torsion springs i a phenomena not previously documented.

MKS (MBS)

Modelling the damping of spring elements is a big issue. Spring components are dominated
by friction damping and the inherent material damping is insignificant making it extremely
difficult to predict the dynamic behaviour of such components. This calls for the use of
multibody simulation, which is limited to rigid bodies. This enables static and dynamic loads
to be calculated using simplified equations. This tool is of greater interest for designers
rather than for spring makers. The classic case where MBS is used is for valve springs in
combustion engines, where the engine designer wishes to represent as exactly as possible
the spring within his valve train model, where the spring is driven by a cam.

MBS systems are predominantly used to represent dynamic systems. Whenever detailed
representations of spring components are to be integrated into a model, the use of flexible
bodies is indispensable, and significantly greater calculations are required. Almost all MBS
systems use modally reduced rigidity matrices that usually have to be imported from FEA
tools. Some modal dampings will be identified that cannot be derived from geometric
values. In this case the modal dampings have to be determined by adjusting the simulation
parameters to the test results of an actual spring. This means that predictions on the
dynamic behaviour of spring components cannot be made before a prototype is produced.
The only exception to this is the use of RecurDyn software, which permits importation of
complete FE models without having to modally reduce them.

This technique is sufficiently technically demanding to require a specialist user working
continuously with the technique. It is recommended for use with engine valve springs, but

SME spring manufacturers dondét make these.

it could not be made to give credible results when there was no cam in the system.
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Finite Element Analysis

This is a largely computer based predictive simulation modelling technique that is used to
determine stress distributions within components. It is particularly effective when analysing
complex loading regimes such as combined bending and twisting actions, non symmetrical
shapes and presswork. The technique involves:-

1. Generating an electronic drawing of the item to be modelled (this can be imported
from a CAD drawing system if this is available).

2. Covering the electronic drawing with a two or three dimensional mesh.

3. ldentify the appropriate mechanical formulas required from a library within the
software itself.

4. Running the software to perform many thousands of calculations for all points within
the mesh. The calculations are usually based upon well known mechanical
engineering formulas and the end result is a prediction of a stress pattern for the
item being modelled.

5. The millions of calculations required to perform an analysis clearly requires the use
of relatively high speed computers to enable an analysis to be completed within a
sensible time frame. A typical spring analysis requires anything from three days to a
week to complete, and requires a skilled operator to perform the analysis.

6. Because this technique is predictive in nature it is possible to generate an answer
that bears no resemblance to the real spring. Validation of the resultant model is by
testing and measuring a spring to ensure that the model is correctly predicting the
actual spring performance.

Tech-Spring report no 15 details some finite element modelling work.

The most i mportant advantage of FEA is that
geometry. It enables analysis of even highly complex loads, boundary conditions and
geometries (even though the time and effort required for the creation of a single model may
range from 0.5 day for simple shapes up to a week for a complex shape). Today, even

complex contact situations are no longer a substantial problem for calculation. Usually there

is less than 3% error between calculation and test with static analyses. If an error > 3% is
encountered, it can be assumed to be due to faulty geometry between the CAD model and

the trial part, or the boundary conditions are inaccurate. Additional information for a
compression spring that can be obtained by static calculation with FEA are:-

A shear x,Fyorces F

A pressure distribution at the spring ends
A arbitrary introduction of |l oad and torque
A stress distribution without wusing correct.i

In addition to the analysis of the loading stresses, it is also possible to represent the spring
making process in detail and thus establish the spring's residual stress condition.
In spring components there are always very large deformations as compared to the

component 0s expansion. Thi sonlinearREAfprthet 1 s | mpe

computati onal analysis of spring components.
are:-
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A Il arge deformations

A rotation (in torsion springs)
A el ast i c viguioatsetmiaterial lfsetting)

A contacts within the component
A contacts with the surroundings

It is the definition of boundary conditions which are particularly difficult and require an
expert FEA modeler. Such expertise is beyond the scope of almost all SME springmakers
and is a service which is particularly difficult to subcontract.

In conclusion the ease by which a completely wrong answer can be obtained using this
technique means that this technique should only be used by very experienced operators,
who use the software frequently and aware of its limitations. Verification against an actual
spring is vital to ensure sensible results are obtained.

The following screen shots are taken from a FE study of a spring supplied by Turtons (this
is the subject of Tech-Spring report no 22). These FEA results have been shown to be
accurate. The method works, but is too slow and expensive for SME spring manufacturers.
Use of CAD programs is less precise than use of FEA, but is sufficient in al cases examined
within this project.

AN

APR 6 2009
11:52:18

ELEMENTS

Figure 2 Initial Meshing of Spring
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SPRING TECHNOLOGY
AN
DISPLACEMENT APR 6 2009
STEP=1 11:53:36
SUB =16

TIME=151.724
DMX =153.115

Figure 3 Spring Compressed to an Intermediate Height

AN
NODAL SOLUTION APR 6 2009
STEP=1 11:54:34
SUB =16
TIME=151.724
SEQV (AVG)
DMX =153.115
SMN =.00826
SMX =1273
.00826 282.972 5651935 848.899 1132
141.49 424.454 707.417 990.38 1273

Figure 4 Stresses on the Spring When Slightly Compressed
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NODAL SOLUTION

STEP=1

SUB =20
TIME=201.883
SEQV (AVG)

DMX =203.713
SMN =.011916
SMX =1721

.011916

AN
APR 6 2009
12:13:38
382.459 764.907 1147 1530
236 573.683 956.13 1339 1721

Figure 5 Stresses on the Spring as Compression Continues

Figure 6

Stresses on the Spring When Nearly Solid
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