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Engineering Integrity Society

ANALYST PASS! 
Heated seat ok at 4G  

worst case.
TESTER PASS! 

4G at seat & good data.

RLD Collection & Analysis – Are you 
forgetting the basics?
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Introduction – Before we look at ”The Basics”

Short Q & A session

Short Q & A session

Short Q & A session

Short Q & A session

THE BASICS
Its easy to go wrong, planning & accurate v useful info.

QUALITY OF THE DATA WE USE
Is the information understandable, do you know what it means?

DO WE KNOW WE HAVE THE RIGHT INFORMATION
Have you the correct information for your needs?

KNOWING WE HAVE THE SAME RESULTS
Do you understand what the results mean? 

KNOWING WE HAVE THE RIGHT RESULTS
Is the data and information you use correct?

HOW IT CAN ALL GO WRONG
Some common errors and misconceptions - examples

Q & A session & Discussion

Short Q & A session

Nearly to time 
& cheap! 

Maybe needed 
a plan?
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RLD ANALYSIS RESULT “BLAME”

GOOD GOOD RIGHT No blame – Everyone happy

BAD GOOD WRONG RLD - Data collection or “the test”

GOOD BAD WRONG Analysis - Assumptions or “resolution”

BAD BAD WRONG Everybody pointing at everyone.

Only 1 in 4 chance of 
getting a good result

Why are “The Basics” Important
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GOAL RLD ANALYSIS RESULT “BLAME”

GOOD GOOD GOOD GOOD No blame – Everyone happy

GOOD BAD GOOD BAD RLD - Data collection or “the test”

GOOD GOOD BAD BAD Analysis - Assumptions or “resolution”

GOOD BAD BAD BAD Everybody pointing at everyone.

BAD GOOD GOOD WRONG Everybody pointing at everyone.

BAD BAD GOOD WRONG Everybody pointing at everyone.

BAD GOOD BAD WRONG Everybody pointing at everyone.

BAD BAD BAD WRONG Everybody pointing at everyone.

RLD ANALYSIS RESULT “BLAME”

GOOD GOOD RIGHT No blame – Everyone happy

BAD GOOD WRONG RLD - Data collection or “the test”

GOOD BAD WRONG Analysis - Assumptions or “resolution”

BAD BAD WRONG Everybody pointing at everyone.

Only 1 in 4 chance of 
getting a good result

1 in 8 chance of getting 
correct result

AND … 
No amount of correcting 

the data,  analysis or 
reworking will solve this 

7 in 8 chance of getting 
wrong or misleading result

Why are “The Basics” Important
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§ Transducers are generally simple & reliable
§ Data collection is robust & fairly simple to set up
§ A few hundred data channels only takes a week or so to set up
§ Performing tests, recording & transfer to or generated on computer is 

now quite straight forward – gone are the days of graph paper.
§ In a week of test or load case generation one could produce

§ A few hundred channels (200+)
§ All track surfaces s at MIRA (30+) 
§ Cases at GVW, Kerb & Overload
§ Modified & unmodified conditions
§ With three repeats for ‘safety’
§ All at high sample rates to “get everything”

§ Some 200 x 30 x 3 x 2 x 3 giving over 108,000 pieces of data
§ ‘Eyeball’ this for errors (say 15 sec per signal) would take over 2 

months of man-time before looking at any results! 
§ Do not confuse lots of data with good information.
§ It pays to know you are right.

The Need to Do It Right

Producing data is relatively easy - be it vehicle RLD or modelled in CAE
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Good Fast Accurate - Trap
Cheaply

Quick test to show 
Bluetooth is robust 

What do we  do  
the  rest of day

Quickly

Altitude 0.000012 
metre. Just need one 

more reading.

Accurately

Fast, Good or Cheap. Pick two.
Drive is to provide accurate results, quickly & cheaply.
But can't have it all, at best two can be achieved.
Typically more of a compromise.
It's a reality of life, & “they” must deal with it.

Good + Fast = Expensive

Good + Cheap = Slow
.
Fast + Cheap = Inferior
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Project progress
CompleteStart

All data or results useful 
at start, even if  

inaccurate

Waiting for accuracy, 
data or results is rarely 

useful

Useful v  Accurate 
A very accurate result is often not useful.
• An autopsy is accurate about how someone 

died, but not useful to the person
• An early guess could save that same person, 

very useful, but dubious accuracy

Very similar in engineering project.

There is always a compromise situation.

We all know good accuracy takes 
a lot of time.

• Any information is very useful at the start of 
a project , but usually very inaccurate.

• Waiting for very accurate information take 
time & not be useful as it is too late.

• Where the accuracy is good enough to 
provide useful information to the project..

“Sweet spot” data & 
results are of known 

accuracy & really useful
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Any
Questions

Before …  “Quality of Information”
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Measurements need to be traceable and accurate with known 
linearity, repeatability, hysteresis, resolution, frequency limits 
and ranges.
At MIRA, all equipment is calibrated, typically once a year or as 
required as part of traceable standards..
Calibrate Master loadcells and strain gauges etc are 

checked against  ISO, BS and other standards 
with certification in a Calibration Lab.

Calibration Transducers assembled onto vehicles are 
checked in rigs or other suitable conditions  for 
linearity, range, cross talk etc ec.

Calibrations Are checks and other simple inputs used at start 
and end of projects or recording sessions to 
check polarity, orientation, function, and to 
provide simple load  cases for checking analyses

Calibrate v Calibration v Calibrations 
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We also need to check the initial set-up of the whole system

Tip calculation

Calculate shunt
resistor at
gauge

Physical
calculation

View noise 
and accuracy

View noise 
and accuracy

Accuracy
Linearity

Noise

Set-up some standard check tests • constant circles or figure of eight
• easy accel / steady speed / braking
• wheel off - wheels on ground etc
• each wheel on known kerb in turn
• ……..

Assembly Calibration Checks
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Example – Often you are trying to find the “unusual” – some maximum condition – can you tell it from a spike or problem.

What are the expected maxima?
What is the expected slew rate?
If they these are exceeded you may have bad data or found the problem.
Are you able to “know” the values are correct?
You should never need to reason out what is happening?
If you can  reason it out better than the data – Why collect the data?

Hours of data
Giga values

IS THIS THE HIGH VALUE WE ARE LOOKING FOR
OR --- IS THERE A FAULT

Signal range – expected maxima



Copyright (c) David Ensor : July 2020

What does zero strain mean

Raw material – Manufacture - Assembly

Aevery step changes the “base zero” strain states



Copyright (c) David Ensor : July 2020

What is zero strain when testing or analysing

What does the “zero” strain signal mean now!

Actual car – problem area – refine for gauges 
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Shows change in setting

Drift or offset problem

Start Cals End Cals

This approach can save large amounts
of time for data collector and analyst:
• Aids credibility of the data collector!
• Provides comfort to the analyst as values 

confirmed in his tools
• Saves time when arguing if test was correct.

Simple Calibrations

Auto zero is now powerful on most instrumentation.
Often capable of offsetting even open circuit, or saturation.
Auto ranging on modern kit is also powerful.
Even dead transducers often give some form of signal.
Just wiggling the transducer and seeing a wavy line does not 
mean you have correct output – remember to look at scales.
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● The real signal is continuous, but we sample ...

Assumed signal

Actual signal

Sample points

● Theory from Fourier Analysis
- To maintain frequency content, sample at 2 x Nyquist
- To maintain shape and amplitude, sample at 10 x Nyquist

Aliasing Problems
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134 136 Frequency

Amplitude

134 136 Frequency

Amplitude
Example

Assuming all frequency 
inside 135 to 136 Hz bin

Area 135 to 136 Hz is still
= 3.66
= 3.66 / 1.22
= 3 g 

Doubled just in changing 
resolution, but is same 
spectra power.

1.5
Example

Area 134 to 136 Hz

= 1.5 x 2.44
= 3.66

3

Data Analysis Classification Trap
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R=RangeM=Max
D= Dynamic 

Ldur =1

Lramp

LkitLground

G Level :
Is load case G = M / Ldur

G = M / Lkit
G = M / Lground
G = D / L???
G = R / L???

3g 
3+ g
~4 g
2g
3g+ 

How do YOU calculate a G value?

Everyone has same units! 3G “RLD” v “CAE”
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Does Everyone have the same XYZ
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Does Everyone have the same XYZ

Which X or Y or Z is this …. !
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Any
Questions

Before …  “Do We Have Correct Information”
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RLD / Analysis – Is this what you do?

Select / Fit 
Transducers

Look for 
Analyses to do

Run on
Test Tracks

Clean & Adjust 
Data

Filter Data
as Standard

Which ones and why?
Just what we always have!
Typically accelerometers?

As standard! (We always use 35Hz)
DC v AC coupling and aliaising?

Filtering can affect  synchronisation!

Spikes! (Typical freehand)
Clean until it looks okay (by eye)?
Time consuming v auto processes!

All of them!
How much data?
Have you got worst case?

What can we do? (Typical basic plots)
Do we have data for the analysis needed?

Have we now answered the wrong question?

Is this a Good Plan ???

Request for RLD comes in ...

No It’s Bad Planning
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Data Analysis Process ‘Better Practice’

24

Determine required
result & format

Review the analysis
needed to obtain result

Collect data on
correct surface

Fit transducers
for that data

Determine data specific
to the analysis

Validate data for
required content

Maintain History & 
Deliver good results

Check output on
known surface

Check analysis with 
known data
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Information at ‘worst case’
• What is worst case

• Laden
• GVW
• Unladen
• Plated
• Overload

• Loading from instrumentation
• Typical or Special

• Roof box / Bike racks
• Trailer/Caravan/Boat
• Distribution/Pillion
• Variable (Liquid, People)
• Other ……… etc

What Load Conditions
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We Always Do It This Way

• If the fatigue damage is the same ...

• ... then test must be equivalent!

Fig 9: Applying assumed user conditions can lead to some over test.

A myth - 1000 miles Pave equals 100,000 miles of the road

The danger is to apply same tests 
to another vehicle type.
It can be most inappropriate, even 
over test!

(WRONG!) 
Just because a test vehicle survives an empirical test & is ‘okay’ in
service does not mean the test is the same as the users/usage.

Just because you get the same damage does not mean the mode of
failure is the same!
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Required Data v Recorded Data

The Event along the track

Event only
(can limit fatigue result)
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Required Data v Recorded Data

Zero/Start
Stationary

Vehicle moving & settle The Event along the track Vehicle moving & re-settle Zero/End
Stationary

RLD has whole event

Rig Duty Cycle vehicle moving whole track easy start stop conditions

Minimal Rig Signal requires end smoothing

Time=0 Schedule event start Event only
(can limit fatigue result)

Schedule event ends

Required data more likely to be correct, knowing end condition are same as start 
condition – no setting, noise, failures, missing signals etc.

Analysis can check that he at least gets the simple stuff correct.
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Any
Questions

Before … “Knowing You Have Good Result”
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Number of Readings! Design of Experiments

Many tester now take just one vehicle –
do one run – change settings or modify –
do another run & compare the results.

This is a typical request for alternate fuel
tests etc. ONE TEST !

It is now the norm to test only one vehicle
through & ‘hope’ it passes.
There are techniques for providing the
confidence in a result & they rarely
recommend 1 specimen, or one test run.
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MIRA PROVING GROUND

How many laps?

Do we use same speed or 
entry points

Do we take same line 
each lap
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How many laps – How long to test

• Questions often asked to savetime or cost  –

• “Do we collect one lap of PAVE?” 

• “Do I only need to do One Kerb Strike”

• “How long do I collect data on the Public Road”

• or similar
• The only real answer is that you collect data until you have enough 

data.
• “Enough data” means that you can prove – statistically – that you 

have captured representative information that can be used 
effectively in the analysis required.

• There are a number of ways to do this such as ...

• Statistics

• Repeatability

• Satisfy a Procedure or Standard
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How to check if we have enough data

Decide a statistic(s) to describe problem or need
• 1st lap (km, sec, or repeat) of test create the statistic(s).
• 2nd lap (km, sec or repeat) create same stats
• Average the statics then repeat continuously to get 

statistics representing a typical lap (km, sec, repeat)
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How to check if we have enough data

Decide a statistic(s) to describe problem or need
• 1st lap (km, sec, or repeat) of test create the statistic(s).
• 2nd lap (km, sec or repeat) create same stats
• Average the statics then repeat continuously to get 

statistics representing a typical lap (km, sec, repeat)
• When the averaged statistic settles down & adding more 

data does not change it the data is now characterised. 
• You finally have enough data  - optimising results.
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Testing has to take into account statistics
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Test Samples

Test Sampling 
There are standard methods for calculating sample sizes. Actual or projected ‘Sales’ figures for the population 
of vehicles to be made will recommended, sample size required mathematically to satisfy various confidence 
bands.
It would be usual to offer better than 90% or 95% confidence in a result and within a +/- 5% (10% Error) band 
on this. It is rare to find anywhere in the literature on the subject of sampling, any reference to requirements 
less than 95% confidence levels.
This implies a large number of samples or lack in confidence.

Test Length

One Sample Just Pass Test 
No Confidence

To Be Confident
1 Sample must pass 6 x Test

Test Length

Six Sample Just Pass Test 
No Confidence

To Be Confident
6 Sample must pass 1.25 x Test
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How do we know we have the answer
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Verifying software

A thought ...
• You all use calibrated & traceable measurement kit?

• You spend a lot of money checking that they all work
correctly and provide good results?

• When was the last time you checked the software
you use?

• What about CANBus transducers and digital data
on the vehicle – accuracy, traceability etc?



Copyright (c) David Ensor : July 2020

Any
Questions

Before … “Knowing You Have Same Result”



Copyright (c) David Ensor : July 2020

Test Failure – Theory v Practice

Total life = Life to Initiate a crack + Life to Grow the crack

Crack initiation Crack growth

Vehicle Life
(Stress or SN)

Design life
(Strain or EN)

Often much larger than Design Life
(Fracture or Crack Growth or 

Vehicle designer considers 
failure is start of a crack <0.5 
mm

Most vehicles are designed to a fairly common standard – no cracks in major components inside its Design Life
No cracks at all in whole life for any Safety Critical Component

Practice considers 
failure when broken

New Tank Scrap Vehicle
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Test Failure – Theory v Practice
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Test Failure – Theory v Practice

Total life = Life to Initiate a crack + Life to Grow the crack

Crack initiation Crack growth

Vehicle Life
(Stress or SN)

Design life
(Strain or EN)

Often much larger than Design Life
(Fracture or Crack Growth or 

Design considers failure is 
start of a crack <0.5 mm

Most vehicles are designed to a fairly common standard – no cracks in major components inside its Design Life
No cracks at all in whole life for any Safety Critical Component

Practice considers 
failure when broken

New Tank Scrap Vehicle
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Should test/analysis be “as real World”

.....  the road surfaces?

Do track surfaces need to compare to  ....
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Have we enough consistent data

How much public highway data is enough?  Is Motorway actually Motorway?
Do these Motorway surface give the same loads
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Testing - “Age old questions”

• It is rare to have a nice straight forward test that outlines all the 
steps, & exactly how to do it. Even more so for the subsequent 
analysis.

• Even when you use prescribed standards, traditional tests, even 
legislative testing, the context must also be assessed – are they still 
relevant.

• MIRA still get requests asking “we have instrumented the vehicle 
now ....” 

• How many laps do we test

• How long should the test be

• How many readings should we take

• How many tests should we do
• It is now rare to be asked how to measure, usually why do we do it 

this way, or even what do we do.
• How do we test new design against old standards.
• Finally how do we know we have the answer – have we proved to 

result

Lane Change or “Elk” Test
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Any
Questions

Before … “How it Can Go Wrong”
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You have the accelerometer data
Newton has it that   F = ma
We can thus work out the FORCES !!!

All Wheel Bump

Possible that

F = Axle mass x accel

Accelerometer Trap
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You have the accelerometer data
Newton has it that   F = ma
We can thus work out the FORCES !!!

Further Down Road –
Single Wheel Bump

Then possible that

F = ½ Axle mass x accel

Accelerometer Trap
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You have the accelerometer data
Newton has it that   F = ma
We can thus work out the FORCES !!!

And then –
Ripple Under Wheels

Then possible that any

F = Local mass x accel

Accelerometer Trap
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• Main test in this case is based on maximum 
constant circle cornering

• Most vehicles can pull 0.6 G or so some 0.8.

• We can rig test the Z & X loads separately on a  
rig quite cheaply

• Z cycles result plus X cycles result will provide 
total damage?

• Is this a good plan?

Spring

Damper

AxleStrain Gauge

V =  Wheel force anywhere 
along contact patch length

µ ( V ) = Cornering force
x

r

Danger from Assumptions

Actuator

Axle

Strain Gauge

V

x Actuator

Axle

Strain Gauger
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• Why is this worst case? Only considered each 
component separately.

• The real case is the combined vector case.

• In fact from most vehicle proportions (beam axles) @ 
0.6 to 0.8 G or so the bending moment will be near 
zero!!!!

• We can artificially create rig failures by separating the 
loading X & Z that would not occur. (I simplify of course)

Danger from Assumptions

Spring

Damper

AxleStrain Gauge

V =  Vertical vector

µ ( F ) = Lateral vector
x

Measured Bending Moment (ie Stress) = Fx - µ F r
Thus if x / r = 0.8 then BM and stress approx ZERO

r

F =  Wheel force – Rig actuator
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Collect some data then see what is wrong!

• Consulted on a failure of handbrake during operation – yoke weld fail.
• Customer had instrumented failure site with strain gauges only!
• They had then tested both failed design & new design in number of scenarios.
• They had a large amount of strain data to be analysed
• They had tried many tests but BOTH!! Old & new designs still failed
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Why & What to Test (Danger of assumptions)
It is easy to assume that just because we can reproduce a failure, that we have reproduced the process 
or mode of failure. Actual causes can be difficult to assess.

Assumption

Actual Mode

PAVE type loading

Gearbox vibration
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• It takes time & thought to collect good, succinct,  useful, data & information to set up a test 
for analysis.

• It takes more time & wasted effort to re collect bad data, investigate problems, or to have 
reviewed wrong assumptions.

• Plan to test the problem not just to collect data & a useful result.

• “Big Data” does not just mean lots of data channels at high sample rates.

Some final points

Any
Questions


