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I n t r o d u c t i o n
Z E M I C  E U R O P E  H A S  O V E R  5 0
Y E A R S  O F  E X P E R I E N C E  I N
D E V E L O P I N G ,
P R O D U C I N G  A N D  S E L L I N G
S T R A I N  G A U G E S .

B y  a p p ly i n g  a  s t r a in  g au g e  t o  a  m a te r ia l ,  w e c an
m ea s u r e t h e s t r es s in  t h e  m at e ri a l ,  the  ch ang e s
in  s h a p e  o r  w h e n  s tr a in  o c c u r s.  W h en yo u  s tar t
m ea s u r i n g  w i t h  s t ra in  g au g e s  i t  is  u s e f ul  t o
kn o w  t h e  r e l at io n s h ip  b et w e e n  st re ss ,  fo rce
a n d  s t r a i n .  
 
T h e  r e s is ta n c e  of  a  s tr a in  g a uge  w i l l  c h an g e
w h e n  t h e r e  w i l l  b e  s t r es s  in  t h e  m at e r ia l  o r
s t re s s  a n d  /  o r  pr e s s u re  w i l l  b e  e x e r t ed
e x te r n al l y  o n to  t h e  m a t e ria l .  T h e  a m o u n t  o f
s t ra i n  c an  b e  r e a d d i r e c t ly  with  a  ( st r a in )
m ea s u r i n g  i n s t ru m e n t .  
 
S t r e s s  is  c a u s e d  b y  a  m e c h an ic a l  f o rc e .
M e c h a n i c a l  s t r es s e s are  n o t  a cc es s ible  for
d i r e c t  m e a s u re m e n t.  N or m a l  st re ss e s
(te n s io n / c o m p r e ss io n )  a r e  ca l cu la ted  ei the r
w i t h
t h e t h eo r et ic a l  v a lue s  o f  t h e  m at e r ia l  o r  fr o m
s t ra i n  ( g a ug e )  m e as u r em e n ts .  T h e  w ay  t o  do
t h i s ,  i s  b y  u s in g  H o o k e ’s  L a w.  
 
Z e m i c  E u r o p e h as  o v e r  5 0 ye ar s  o f  e x pe ri enc e
in  d e v e lo p in g ,  p r o du c in g  a n d  s e l l in g  s tr ai n
g a u g e s .
T h is  i s  t h e  h e ar t  o f  t h e  w e ighi n g  a nd  f o rc e
in d u s try  a n d  i s  u s e d in  so  m an y  pr o d u c t s .  W e
t h ere f o r e  f e lt  i t  w a s  im p o r ta n t  t o  wr it e  a
w h i t ep a p e r  o n  t h is  su b j e c t,  in  w h ic h  qu estions
s u c h  a s :
 
-  W h a t  is  a  s t r ai n  g a ug e
-  W h y d o  y o u  u s e  a  s tr ai n  g a ug e
-  H o w  a  s t ra i n  g a u g e  w o rk s
-  M a te r ia l s  a n d p rop e r t ie s
-  H o w  t o  b o n d  s tr a in  g a u ge s
-  H o w  t o  m a k e  a  ch o i c e  o f  a  s t rai n  g au g e 
 
W i l l  b e  e x pla i n e d  s h o rt ly  a n d t o  t h e  po in t  so
t h at  yo u  k n o w  t h e b a sic s  o f  t h e  we ig h ing an d
fo r c e
in d u s try .  P le a s e  k n o w  t h at  i f  yo u  wan t  m o re
in fo r m a t io n  a b o u t  s tr a in  g a uge s or  Z e m i c
E u r o p e  w e  a r e  t h e r e  f o r  yo u .  F e el  f re e  t o
c o n ta c t  u s  a n d  a s k  u s  ab o ut  t his  to p ic !  
 
E n jo y  re a d i n g .
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I n d ex

Introduction
What  is  a  strain  gauge?
How a  strain  gauge works?
Why use a  strain  gauge?
Materia l  and propert ies  
Choice of  strain  gauge
How to  bond strain  gauge?
Leading manufacturer  of  strain  gauges 
Afterword                                                         
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Download the strain gauge catalogue of Zemic Europe here. 
 

If you have any questions, feel free to contact us:
info@zemic.nl or (+31) 76 5039480 

https://www.zemiceurope.com/media/Documentation/Straingagescatalogue.pdf
https://www.zemiceurope.com/nl/contacts
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W h a t  i s  a  s t r a i n  g a u g e?
A  S T R A I N  G A U G E  I S  A N  E L E C T R I C A L  E L E M E N T  T H A T  M E A S U R E S  T H E
D E F O R M A T I O N  O F  A  M A T E R I A L .  T H I S  C A N  B E  B Y  M E A N S  O F  T E N S I O N  /
C O M P R E S S I O N ,  T O R S I O N ,  S H E A R I N G  O R  B E N D I N G .  B Y  M E A S U R I N G  T H I S
D E F O R M A T I O N ,  Y O U  C A N  D E T E R M I N E  W E I G H T  A N D  F O R C E S .  T H E
A P P L I C A T I O N S  A R E  I N F I N I T E .

The or igin  of  a  part  of  the theory  behind
strain  gauge technology goes back to  the
17th Century.  During that  t ime London was
being rebui l t  after  the Great  Fire  of  1666.
A great  amount  of  research took place on
the strength of  materia ls  when bui ld ing
and reconstructing London.  Robert  Hooke
took a  leading part  in  this  work and
extended his  researches to  include an
investigat ion of  e last ic ity  in  general .  He
came to  the conclusion that  when the
elast ic  l imit  of  a  materia l  is  not  exceeded
the deformation of  a  materia l  is
proport ional  to  the force appl ied to  i t .  Or
as he succinct ly  phrased i t :  
‘ ’Ut  tension s ic  v is ’ ’  
( L i t e r a l l y :  a s  t h e  s t r e t c h i n g  t h u s  t h e  f o r c e . )
 
A  strain  gauge is  an e lectr ical  e lement
measuring the deformation of  a  materia l ,
from any materia l  you can think of.  The
electr ical  resistance of  most  strain  gauges
is  changing during the fol lowing
condit ions.
 
 
 

 

Mechanical  strain:
the effect  of  an appl ied external  force.  This
wi l l  cause strain  gauges to  register  a
deformation in  the materia l  which wi l l  make
it  change s ignal .  
 
Thermal  strain:
the inf luence of  heat  and cold.  A l l  mater ia l
react  when i t  is  heated up or  when i t  cools
down.  This  wi l l  a lso cause strain  gauges
to register  a  deformation in  the materia l
which wi l l  cause a  s ignal  change.
 
Residual  strain:
internal  forces from the non-uniform
cool ing of  cast  components,  forging,  or
welding.  There are  methods avai lable  to
rel ieve the residual  stress in  an object  thus
removing the residual  strain.
 
The electr ical  resistance element  consists
of  an e lectr ical ly  conductive materia l ,  the
grid  pattern is  photo etched on a  non-
conductive backing foi l .  This  backing foi l  is
connected to  the structure from which the
strain  is  to  be measured.  Typical
strain  gauge resistances range from 30 to
5000 Ω,  with  120 Ω,  350 Ω and 1000 Ω being
the most  common values.
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The common unit of strain is the micro strain 10 ¯⁶ µm/m
 
Years later Thomas Young quantified Hooke's work in the relationship:
 
 

It was the combination of these two relationships which enabled Simmons (California Institute of Technology) to
independently produce the first strain gauges in 1937. By bonding a piece of resistive wire to the transducer element
by means of a carrier or backing, the force applied to the element could be identified in terms of resistance change.
This change in resistance can then be converted to a usable electrical signal which is proportional to the applied
force.
 
These early strain gauges had backings made from ordinary paper impregnated with a cellulose glue as a carrier for
the resistance wire. These were then bonded to the transducer with the same glue. The early resistance wire had a
diameter of 20 µm but today, gauges are etched from metallic foil with a thickness of 5 µm. The gauge backing and
adhesive play a crucial role in determining the performance of load cells. Today special plastics are used as backing
with a thickness less than 50µm together with special adhesives which have to be cured at critical temperatures.
Typical glue thicknesses are between 5 – 10 µm.
 
When the strain gauge is stretched, the length of the electrical conductor increases while its cross section
decreases with compression, the opposite happens. Both of these effects increase the electrical resistance of the
conductor. Strain gauges are subjected to either tensile or compressive strain of a few percent, in special cases up
to 20%.
 
Usually, strain gauges are used in a so-called Wheatstone bridge configuration. In this configuration, four or a
multiple of four strain gauges are used. This way, the signal measured by strain gauges can be increased by four. In
addition, the output signal of the Wheatstone bridge is in mV/V and can therefore be measured with a simple
indicator.
 

T O  U N D E R S T A N D  H O W  S T R A I N  C A N  B E  M E A S U R E D ,  F I R S T  Y O U  H A V E  T O
U N D E R S T A N D  T H E  E F F E C T S  O F  S T R A I N  O N  T H E  M A T E R I A L .  T H E  S T R A I N
C A N  B E  D E F I N E D  A S  T H E  R A T I O  O F  T H E  C H A N G E  I N  L E N G T H  O F  T H E
M A T E R I A L  T O  I T S  O R I G I N A L  L E N G T H .

Completely separate research in the 19th Century led Lord Kelvin to identify the relationship between strain and the
change in resistance of a resistive material. He showed that for certain materials, the resistance is directly
proportional to its length and inversely proportional to its cross-sectional area. This relationship can be interpreted
by:
 

h ow  a  s t r a i n  g a u g e  wo r k s?
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STIMATED  BUDGET

$ 150 ,000 .00GRAND TOTAL

Laboratory scales 
Retail scales 
Hopper scales
Silo weighing
Weighbridges
Platform scales
Pallet scales.

Electrical bicycles – forces are used to adjust the power of the motor       
Ergonomic solutions – forces are used to assist the amount of power that needs to be applied
Automobile applications – forces are measured to ensure safety
Elevators – overload detection and protection
Optimizing designs – to optimize the quality of construction

Usually the strain is measured to determine the stress in the material. The absolute value and direction of
the mechanical stress is determined based on the measured strain and the known characteristics of the material
(modulus of elasticity and Poisson ratio).  These calculations are based on Hooke's law. In its simplest form, Hooke's
Law determines the direct proportionality of the strain ε [m/m] and the stress σ [N/mm2] of a certain material using
Young's modulus E [N/mm2].
 
σ = ε⋅E
 
Sensor production
Zemic Europe offers over 1000 standard force sensors. Force sensors equipped with strain gauges are applied for
weighing applications and applications where forces are to be measured. 
 
A few examples for weighing applications are:  

 
A few examples of applications where forces are to be measured: 

 
Stress analysis
Strain gauges are used for experimental stress analysis. Often, we see strain gauges are used for testing and
measurement. Here are few examples of how Zemic strain gauges are used:
 
Force localization: what parts on a material are the weakest? 
We refer to our exoskeleton case study on our website 
www.zemiceurope.com as a nice example. 
 
Force determination: what force is being applied where?
 For example for bridge and construction sites.
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W hy  u s e  a  S t r a i n  G a u g e?
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S E N S O R  P R O D U C T I O N  
S T R E S S  A N A L Y S I S

I N  S H O R T ,  S T R A I N  G A U G E S  A R E  U S E D  F O R  T W O  D I F F E R E N T  A P P L I C A T I O N S :  
 

https://www.zemiceurope.com/en/case-studies/Project-March
http://www.zemiceurope.com/
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Constantan (B)  
Karma (Z)

Modif ied Phenol ic  (F )
Poly imide (A)  
Modif ied Epoxy (H)  
Poly imide f i lm (AM)  
Glass  f ibre  reinforced epoxy (HB)  
Glass  f ibre  reinforced poly imide (AB)  
Special  thin  poly imide f i lm (YM)

There are  different  k ind of  gr ids:  Electr ical ly  conductive materia l

 
Backing foi l ;

 
Gr id:  constantan (B)
Copper  nickel  a l loy.  Most  widely  used and has the best  combination of  propert ies  for  use as  a
gr id  materia l .    
 
Gr id:  Karma (Z)
Nickel  chrome al loy.  I t  has  better  fat igue factor  than constantan and can be used up to
higher  temperatures.  The disadvantage is  that  karma is  hard to  solder.  
 
Backing foi l :  Modif ied Phenol ic  (F )
Used to  withstand higher  temperatures.  Is  an improved version of  the Poly imide
backing
 
Backing foi l :  Poly imide (A)
The most  commonly  used materia l  for  strain  gauge backing.  Stable,  very  durable
and f lexib le.  Can be used at  a  wide temperature and can stretch up to  20% of
the or iginal  length.
 
Backing foi l :  Modif ied Epoxy (H)
Is  a  backing of  g lue.  Used for  lower  temperatures.  Is  a  fa ir ly  br itt le  mater ia l .  There is  less
control  over  thickness dur ing production so there is  more creep.
 
Backing foi l :  Poly imide f i lm (AM)
Same as  Poly imide,  only  thinner  layer.  Less creep and better  transfer  of  strain.
 
 
 
 
 

W h a t  d o e s  

a  s t r a i n  g a u g e  c o n s i s t  o f?
STRAIN  GAUGE  CONSISTS  OF  THE  FOLLOWING  ELEMENTS :
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Backing foi l :  G lass f iber  reinforced epoxy (HB)
Same as Epoxy but  has a  greater  resistance to  breakage when deformed.  Provides
a more homogeneous materia l .
 
Backing foi l :  G lass  f iber  reinforced poly imide (AB)
Poly imide for  h igher  temperatures.  Keeps the backing better  in  p lace.  Has a  higher  creep
resistance.
 
Backing foi l :  Special  thin  poly imide f i lm (YM)  
Special  extra  thin  poly imide f i lm backing that  has better  strain  transfer.  Has high heat
resistance.  Mainly  used for  h igh accuracy load cel l  t ransducers.
 
On www.zemiceurope.com we offer  a  strain  gauge selector.  By  f i l l ing  in  this  select ion you
are bui ld ing up your  strain  gauge from scratch.  We are  a lso avai lable  to  help  you with  the
correct  select ion.
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http://www.zemiceurope.com/
https://www.zemiceurope.com/en/categories/strain-gauges/strain-gauges-selector.html


C h o i c e  o f  s t r a i n  g a u g e
 
The choice of  strain  gauge is  based
on the usage,  the important
technical  parameters  and the
options avai lable  per  ser ies  and
geometry.  Most  important  is  the
required accuracy which you want
to achieve.  For  experimental  stress
analysis,  the test ing condit ions are
also key  to  choosing a  strain
gauge.  In  choosing the r ight  strain
gauge you should  a lso consider  the
materia l  on which the strain  gauge
is  p laced,  the temperature and the
environment.
 
For  force sensors  machining an
element  i t  is  important  to
undertake stabi l iz ing treatments to
release any  residual  stress or
internal  stress to  make the
performance more stable.  In
addit ion,  i t  is  important  to  real ise
that  making force sensors  is  a
special ism requir ing workmanship
ski l ls .
 
When strain  gauges are  del ivered i t
is  important  to  check them before
start ing the gauge bonding.  
 

 F irst  of  a l l ,  i t  is  important  to
check the gauges for  possible
damages to  the backing,  gr id  l ines
or  any  other  part  of  the strain
gauge.  Strain  gauges are  highly
sensit ive  because of  the thin  layers
and precise way of  measurement.  I t
is  a lso advised to  check the strain
gauge resistance which should  be
accurate up to  0,1Ω.
 
In  short ,  to  make a  good choice:
size,  geometry  and temperature
are very  important.
 
For  the best  advice i t  is  a lways
possible  to  contact  Zemic Europe
and we wi l l  help  you f ind the best
solut ion.
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DOWNLOAD  THE

 STRAIN  GAUGE  

CATALOGUE  FROM  ZEMIC

EUROPE  

HERE  FOR  MORE  

INFORMATION  ABOUT  

THE  BEST  CHOICE

 OF  STRAIN  GAUGE .

https://www.zemiceurope.com/media/Documentation/Straingagescatalogue.pdf
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H ow  t o  b o n d  s t r a i n  g a u g e s?

 

S E L E C T I N G  S T R A I N  G A U G E S
S E L E C T I N G  B O N D I N G  A D H E S I V E
S A N D I N G  E L E M E N T S
L I N I N G  A N D  L O C A T I O N
S U R F A C E  C L E A N I N G
G A U G E  C L E A N I N G
A P P L Y I N G  A D H E S I V E
G A U G E  B O N D I N G
H E A T  C U R I N G
Q U A L I T Y  C H E C K  A F T E R  C U R I N G
S O L D E R I N G  L E A D  W I R E S
Q U A L I T Y  C H E C K  O F  S O L D E R I N G
C O M P E N S A T I N G  A T  N O R M A L  T E M P E R A T U R E  

Q U A L I T Y  C H E C K  O F  C O M P E N S A T I O N
T E S T I N G  A N D  T E S T I N G  P E R F O R M A N C E
A P P L Y I N G  P R O T E C T I O N

B O N D I N G  P R O C E D U R E S :

    A N D  T E M P E R A T U R E  P E R F O R M A N C E

Select ing the correct  adhesive is  just  as  important  as  choosing the r ight  strain  gauge.  The
decision of  adhesive is  dependent  on what  the strain  gauge is  used for ,  what  the external
condit ions of  use are  and for  what  per iod of  t ime.  Zemic Europe advise H-610 or  H -600 for  the
production of  load cel ls .  When the adhesive is  del ivered i t  is  important  to  check the adhesive
before start ing the gauge bonding.
 
Before you start  using the adhesives i t  is  important  to  read the materia l  safety  datasheet.  You
can a lso check the g lue on 3  subjects.  First ly ,  i t  is  important  to  check what  the expirat ion date
of  the adhesive is .  P lease note that  sometimes the date indicated on the bott les  is  the
production date.  When the expirat ion date has passed the adhesive has lost  a  part  of  i ts
bonding strength.  Secondly  i t  is  important,  when a  two-component  adhesive is  ordered i f
both components  are  del ivered.  Thirdly  i t  is  wise to  check when a  two-component
adhesive is  del ivered i f  the rat io  is  correct ly  noted on the bott les.
You have to  fo l low the bonding and protecting procedures stated below.  For  more information
about  the procedures below,please check the Zemic Europe strain  gauge catalogue.
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For  further  explanation for  procedures we
advise you to  contact  us.
 

 

 

 

 

https://www.zemiceurope.com/media/Documentation/Straingagescatalogue.pdf


L e a d i n g  m a n u f a c t u r e r  

o f  s t r a i n  g a u g e s

 
ZEMIC is  one of  the leading manufacturers  of  strain  gauges.  With  over  50 years  of  experience
in  the development  and production of  strain  gauges,  ZEMIC produces a  high qual i ty  and wide
variat ion of  strain  gauges in  h igh volumes.  With  our  experience and development  expert ise,
ZEMIC has become one of  the largest  manufacturers  of  strain  gauges.
 
Zemic Europe,  the manufacturer  leader  in  strain  gauge technology
Zemic Europe takes care of  the sales,  marketing and development  within  Europe.  Zemic
Europe is  a  centre  of  competence within  the weighing  industry  and is  able  to  supply  everyone
with  the
best  solut ion for  their  stress analysis  and weighing appl icat ions.
 
ZEMIC strain  gauges are  produced according to  the RoHS environmental  d irect ives.  A l l  ZEMIC
strain  gauges are  in  accordance with  the needs for  sophist icated stress analysis  and
high-precis ion strain  gauge sensors.
 
Technology and qual ity  of  foi l  gauges
With sustainable  and eff ic ient  technology research and development  systems,  ZEMIC upkeeps
the str ict  qual i ty  assurance system.  With  professional  and rel iable  technology ZEMIC is  able  to
produce an annual  output  of  over  50 mi l l ion stable,  re l iable  and f i rst-class  qual i ty  strain
gauges which are  div ided in  more than a  dozen ser ies  and over  a  thousand different
specif icat ions.
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WE  BELIEVE  WE  

MAKE  YOU  STRONGER !

https://www.zemiceurope.com/en/categories.html


Af t e rwo r d

 

Strain  gauges is  a  topic  we can tel l  you more about.  Dependent  on the project  or  product  you
wi l l  require.  We always l ike  to  discuss this  with  you so we can f ind the best  strain  gauge /
appl icat ion match together.  On our  website  you wi l l  f ind more information about  this
interest ing topic!  
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