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R e l i a b i l i t y  – w h a t  d o e s  i t  a l l  m e a n ?
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E u r o s t a r  s l e e p e r  c a r r i a g e



R e l i a b i l i t y

“It’s about using the appropriate 

engineering tools to understand and 

combat the combination of stresses that 

your product will see during its life”



R e l i a b i l i t y
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M o r e  h a s t e  l e s s  p r o f i t ?
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Load or stress Product strength

T h e  r e a l  e n v i r o n m e n t  a n d  p r o d u c t  r e s i s t a n c e

Failure



W h a t  d o  y o u  d o ?
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P r o d u c t  L i f e :   F r o m  M a n u f a c t u r e  t o  D e l i v e r y  

Manufacture/Shipping/ 

Transportation 

Storage / Logistics 

Supply

Induced Environments

Natural Environments

e.g. Manufacturing and Handling Shocks / Transport Vibration 

/ Lifting and Tilt /  Strength etc.

e.g. Temperature / Rain / Salt Fog  / Solar Radiation etc.



P r o d u c t  L i f e :   I n - s e r v i c e  

In-service / Mission / 

Sortie Use

Induced Environments

Natural Environments

Operational and Handling Shocks / Engine Induced 

Vibration / Gunfire Vibration / Acoustic Noise etc.

Temperature / Rain / Salt Fog  / Sand & Dust etc.



S h i p p i n g  a n d  s t o r a g e  e n v i r o n m e n t s

Established Markets

• U K / E u r o p e a n / W o r l d w i d e  o f f  
t h e  b e a t e n  t r a c k

Shipping length

• M i l e s  

• D a y s

Road Transport

• W e l l  m a i n t a i n e d  r o a d s

Courier

• S t a n d a r d  c o u r i e r

• F r a g i l e  g o o d s  c o u r i e r

Type of packaging

• B e s p o k e  

• C o m m e r c i a l

Storage

• W a r e h o u s e

• I n  t h e  y a r d ?



P r o d u c t  l i f e  c y c l e  - s o l a r  p o w e r e d  H G V  t r a i l e r  
t r a c k i n g  d e v i c e

Bench handling 
during 

assembly

Transport and 
storage

Handling / pre-
load during 
installation

Combined 
vibration / 

temperature

Mechanical 
shock

Solar heating

Driving rain
Thermal 
cycling



P r o d u c t  l i f e  c y c l e  – i f  y o u  c a n ’ t  b e a t  i t  p r o t e c t  f r o m  i t
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W h i c h  e n v i r o n m e n t  c a u s e s  m o s t  f a i l u r e s ?

40%

28%

18%

6%
4%4%

Vibration

Humidity

Temperature

Sand and Dust

Salt

Other

Typical environmental 

factors that cause 

products to fail from 

infancy to end of life

Vibration hardest to 

design for



L o w  C y c l e  F a t i g u e  A n a l y s i s  /  Te s t i n g  /  L i f e  P r e d i c t i o n

In-service 

measurements Data reduction and analysis Laboratory testing



H G V  t r a i l e r :

b r o a d b a n d  

s h a p e d

V i b r a t i o n  - H i g h  C y c l e  F a t i g u e



I n s i d e  t r a c t i o n  

t r a n s f o r m e r :

s i n g l e  

f r e q u e n c y  

e x c i t a t i o n

V i b r a t i o n  - H i g h  C y c l e  F a t i g u e



Vi b r a t i o n  - H i g h  C y c l e  F a t i g u e  – m o d e l ,  
v a l i d a t e  a n d  u p d a t e

Content removed due to security requirements and confidentiality



“ S t r e n g t h e n i n g ”  t h e  p r o d u c t

The Real Environmental and Product Resistance
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W h i c h  t e s t  s t a n d a r d ?
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T h e  t e s t  s t a n d a r d s

International Standards

(Commercial)

NATO Standard    

National Defence Standards (including most military aircraft)

Aerospace / Commercial Aircraft

STANAG 4370

(AECTP 100 to 500)

IEC 60068 and 

IEC 60721

ITOPS

France

GAM EG 13
UK 

Def Stan 00-35
US MIL-STD 810

US

RTCA DO-160

Europe

EURACAE / ED-14



S t a n d a r d  t e s t s

PROS + 

• Understood by customers and 

therefore have a wide 

acceptance

• Quick and easy to use

• Cheap – just find correct 

severities and go test

CONS -

• Can be very old/historic and do not 

relate to modern platforms/sources 

of vibration

• All tests have been accelerated and 

have margins built into them

• Generally very bad for test items 

with non-linear behaviour – combine 

too many vibration sources and may 

be over-accelerated



B e s p o k e / t a i l o r e d  t e s t s

PROS + 

• Very relevant with specific 

platforms/environments

• Can be tuned so that they better 

reflect the distribution of real life 

stresses – far better for test 

items with non-linear behaviour

• Reduces margin of over-

engineering

CONS -

• Require time and intellect to 

determine life

• Time and expense to measure all 

real life events!

• Time and expense to analyse 

measurements and determine 

test severities / levels

• Require co-operation of 

customers and therefore require 

time and effort to gain acceptance



A n a l y s i s  &  t e s t  – c o m p l e m e n t a r y  
p r o c e s s e s  o r  a l t e r n a t i v e s ?

S o m e  r e m a r k s  I  h a v e  h e a r d …

Te s t  i s  r e a l ,  

a n a l y s i s  i s  

a p p r o x i m a t e …

T h e  p r e d i c t i o n  

s a i d  i t  w o u l d  

f a i l  b u t

w h e n  w e  t e s t e d  

i t ,  i t  d i d n ’ t …
I t ’ s  n e v e r  

f a i l e d  l i k e  

t h a t  i n  

s e r v i c e …
W e  c a n ’ t  s e e m  t o  

r e p l i c a t e  i n -

s e r v i c e  f a i l u r e s  

b y  t e s t i n g …



Q u a l i f i c a t i o n  - W h i c h  t e s t ?

V i b r a t i o n

Te m p e r a t u r e

S h o c k

I m p a c t

F u n c t i o n a l  e n d u r a n c e  
( o p e r a t i o n a l  c y c l e s   s w i t c h i n g  
o n  /  o f f )

C o m b i n e  a l l  t h e  a b o v e  

?



R e l i a b i l i t y  - W h i c h  t e s t ?

E S S

H A S S

H A LT

R G T

TA F

R D T

?
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One Message

Foster a culture of reliability in 

your organisation. 

Involve all personnel in the 

process and encourage 

feedback from design through 

commissioning to maintenance. 


