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If you can't measure it, you 
can't improve it!
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Metrology?

No





Accuracy & 
Precision Traceability Uncertainty
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Compliance?



Compliance?



What to watch out for?



Traceable 
Calibration



Know your 
instrument

• Lin e a rit y

• Re p e a t a b ilit y

• Ma t rix e ffe c t s  a n d  c ro ss  se n sit ivit y















Mathematical Errors

Ro u n d in g
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Ro u n d in g
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Errors
P a ra la x



Top Tips



Is there already a 
standard method? 

ISO standards, 
literature 

review. Don't 
reinvent the wheel.

wheel.



Experimental Design

De fin e  Ob je c t ive Se t u p

Da t a  Co lle c t ion In t e rp re t  & Co n c lu d e



How many measurements?

Measure thrice cut once?
once?



Hydrogen





SI Unit - Amount of Substance

The Mole

1. Sim ila r con ce p t  t o  a  d oze n , a  d oze n  is  12 t h in g s, a  
m o le  is  60 2214 0 8 570 0 0 0 0 0 0 0 0 0 0 0 0 0  t h in g s

2. Allow s ra t io s  o f a t om s a n d  m o le cu le s t o  b e  com p a re d

3. 1 m o le  o f a  su b st a n ce  = m o le cu la r m a ss in  g ra m s

4 . 1 m o le  o f Ca rb on  Dioxid e  = 4 4 .0 1 g

5. Use d  b e ca u se  g a s com p osit ion  e xp re sse d  in  m o le s is  
in d e p e n d e n t  o f t e m p e ra tu re  a n d  p re ssu re .....u n like  
vo lu m e t ric  u n it s  p e r m 3







Hydrogen Measurement Challenge

1 Hyd rog e n  Qu a lit y - Hig h  p u rit y fo r P EM fu e l ce lls

2 Hyd rog e n  Qu a n t it y - Lim it e d  t ra ce a b ilit y

3 Hyd ro g e n  Sa fe t y - 70 0  Ba r p re ssu re



1 - Hydrogen Quality - High Purity 
for Fuel Cells

ISO 14 68 7 - Gra d e  D - P EM Fu e l Ce ll fo r ve h ic le s



2 - Hyd ro g e n  Qu a n t it y - Lim it e d  Tra ce a b ilit y

• P ro p e rt ie s  - lo w  d e n s it y  & h ig h  c o m p re s s ib ilit y  
m a k e  m e a s u re m e n t s  d iffic u lt

• Le a k a g e  - s m a ll m o le c u le , e a s ily  le a k s , lo s s e s  
d iffic u lt  t o  q u a n t ify

• Hig h  p re s s u re  fillin g  ~ 70 0  Ba r , flo w  m e t e rs  a n d  
t h e rm o d yn a m ic  m o d e ls  n o t  va lid a t e d  a t  t h e s e  
p re s s u re s

• Re a l t im e  m e a s u re m e n t s  - Va ria t io n s  in  flo w  
ra t e s , p re s s u re , a n d  t e m p e ra t u re  m a k e  it  
d iffic u lt  t o  o b t a in  a c c u ra t e  a n d  in s t a n t a n e o u s  
m e a s u re m e n t s .



3 - Hydrogen Safety

• W id e  fla m m a b ilit y  ra n g e  4 % - 74 % in  a ir  c .f. 
n a t u ra l g a s  5% - 15%

• Lo w  m in im u m  ig n it io n  e n e rg y 0 .0 2 m J  c .f. 
n a t u ra l g a s  0 .29  m J , p ro p a n e  0 .26  m J

• No  s m e ll

• Alm o s t  in vis ib le  fla m e

• Mo re  b u o ya n t  t h a n  a ir

• 70 0  Ba r  s t o ra g e



What's your 
challenge?



In the beginning I 
made a 
measurement..

Tru t h
Th e  m e a s u re m e n t  w a s  n o t  t ru e  
b e c a u s e  t h e  t ru t h  re s t s  o n ly w it h  
t h e  a lm ig h t y a n d  h e 's  n o t  t e llin g .

So  I c o m p a re d  t h e  m e a s u re m e n t  
w it h  w h a t  I t h o u g h t  w a s  t h e  t ru t h .

Co rre c t io n
An d , lo , t h e re  w a s  a  c o rre c t io n . In  
a s s e s s in g  t h is  c o rre c t io n , m a n y 
t h in g s  w e n t  w ro n g . Th e  
t e m p e ra t u re  k e p t  c h a n g in g , t h e  
o p e ra t o r  h a d  fo rg o t t e n  t h e ir  
g la s s e s  a n d  t h e re  w e re  c o rre c t io n s  
t o  t h e  t e s t  e q u ip m e n t  t h a t  I fo rg o t .

Un ce rt a in t y
So  u n c e r t a in t y  w a s  d e c la re d ! Bu t  
yo u  k n o w  h o w  it  is , I h a d  t o  c ra m  
t h e  w h o le  t h in g  in t o  five  m in u t e s , I 
c o u ld n 't  t a k e  m a n y re a d in g s  a n d  I 
w o n t  s w e a r  t o  it .

Co n fid e n ce
So  t h e re  w a s  a  lim it  t o  m y 
c o n fid e n c e . Th u s , a lt h o u g h  I s t a n d  
c o rre c t e d , u n c e r t a in  a n d  la c k in g  in  
c o n fid e n c e , I m a y n o t  h a ve  m a d e  a  
g o o d  m e a s u re m e n t  b u t  a t  le a s t  I 
k n o w  h o w  b a d  it  is .



Thankyou
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